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. - Abstrazt * _ X
\Seven inferrelated studies conce,me’d with. dhildren s undersfondmg of the
v-ganization of sequentlahactions and*with the effects'of observing a model on this .
understanding are described, A Total of 546 children of elementary school oge served

¢

as subjects. The tasks involved derlving the pattem for a sequence from a given sample /.

$0 as to be o'::le to gznerdte a con tinyation of the sequence. Thz sequances were made
from pleces of several gzometric shapes and colors and entailed rules fram simple alter~
natlon to a complex coordination of repetition, rotation, ete, The performance was
scored In terms of the p-oduct &

It was found that observation of a model had tha greatest {mpucf on children who had -

@ beginning understanding of the sequential pattems but, were not yet able to handle -,
them competently on their own, Evidence was obtoined for batter performance with

othar kinds of contextual suppo-ts as well: recognition of approptiate conﬂnuoﬂons ,
_was better than constructon and memo-y Tor spacific sequzrices wa; b-l’ter than gsneration
of new exemplifications of those sequences. Thz results g-e discussed in relation o ths
‘role of Imitation ‘and of contextual va-iables i in cognitive funttioning,

.
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ln the - posf two decodes, o chonge seews tp hove foken ploce in the bosic’

“ossumptions concem!n_g_ Fomon notfure thot underlie-thinking and reseorch within )
Amerlcan psychology. 'While no single inclusive theory prevoil& some of the generof
ossumpﬂdns are clear: mon Is seen os octlve,. hi$ behoviar os orgonized, his cogﬂﬂve-
. symbolic copocity os centrol to his specificolly humon octivities. This chonge is sfrongly
evident In the field of child psychotogy, spirred né doubt by the influence of Ploget' s
work the Impoct of deve+uprnenfo| psychalinguistics, ond the applicotion of notlohs
from fnformoﬁon theory to the onolysis of children's learrjing. The investigotion to be
described In this reporf Is congruent with this new orlénfation ond stems from on interest,
In children's teorfiing in noturolistic settings. In such settings, children often observe
the octivities of others in oll their complexity, yet they nelther copy those octlvities
_ whoale nor poss untouched by them; they select certoin ospects of observed activitles ond

to Investigote how children with different cognitive copocjhes use o model to modify

thelr own gool-directed octions, . ‘ " . -

B -

The three Interlinked Issues suggested by this For/loflbn of the problem - the
Influence of o model on children's octioris, the influence of cognitive level on the use
made of o model, and the sequentiol.orgonization of ¢hildren's octions ~ eoch ylelds o
somewhot seporote body of literoture. The highlights of the iiterature on eoch of these
topics wifl be brlefly réviewed to-provide o generol bockground for the present Investigo=
tfon, - . . e .

p . \.

-

Imitotion, Recently, there hos been consideroble interest In the phehomenon -

of Imitotion. The Impetus for,much of the reseorch come from’sociol leorning heory °

(Bandura ond Wolters, '1963), wherem imitotion or "observotianol leorning" saig proposed

to occount for the rapld ocquisl tlon of o multitude of new behoviors. Howpver, other

concerns hove olso contributed to. the literoture on imitotion, Concem with equilibrotion

as o theoreticol mechanism in develppmeﬁf led to'studles in which models varying olong

o developmenfol progression were presented to children for obsarvoffon (e.g., Kuhn, 1972;

Turigl, 19%69). Imitotion hos olso ‘been used os o l’ecthqUe for investigoting the lingulstic
. copdclﬂes of young children (e.g., Blonk ond Fronk, 1971; Froser, Bellugl and Brown,

1963). As the topic of tmitotign goined prominence, studles of incidentol leorning, soclol,

focthfoﬂon ond rale-toking come to be seen os port of fhe some ||ferofure.

Subsequenf to the clossic work of Miller and DoHord (194I)In which ﬂ'ley drew

. distinctions between several different types of events lobeled infitotion (some behoyior,
motched -dependent behovior, End copying), ‘much of the recent emplrlcol work hos béen
directed at documenting the voriety of behoviors which ore subject to model influences;
these Include ogression, - oltguism, phobic reoctions, self-reword behavmr, déloy of

« “grotiflcotlon, cognitive styles, preference choices, ond probh-solving strotegies (for’
o review see Flonders, 1968). Equolly numerous studies have explored foctors which
offect childreh s Imitotlon of modeled behaviors,” such os chorocteristics of the model,
(pewer, nurturonce, compe}ence," sexy ode), . reinforcementwconhngencies (remforcemenf
dellvered fo fhe sub]ecf ot reinforcement dellvered to the mode! ond observed by the

\ -
™

Incorporote them into their own patterns of oction, The present research wos undertoken .




. . @ o 2 ) : @
* subject), and the medlum through which the model Is presented (live, film, verbally).
Theoretically~oriented attempts to integrate these"numerols findings and to conceptualize
the process of Imitation has brought forth some differences between theorlsts., .
’ ' LS . . a ! .
. v ~ o .
Geiwirtz (1971; Gewirtz und Stingle, 196B) has argued that imitation.can be .- .
LY conceptuatized as o special-case of instrumental learning, The first Imitative responses
( ‘may occlr by chance’ and become. strengthened by direct reinforcement, probably an an
intermittent bosis, Qnce several imitative responses become established in this manner,
they form a class of diverse, but functionally eqoivalent behaviors," giving rise to gen-
. eralized Imitation relatively independent of specific reinforcement. A related view is ,
held by Baer and his assoclates (1967), who stréss the importance of the model both gs - T
a discriminative stimulys for imitation and as a conditioned relnforcer,, based on the ‘
‘qualtty of behavioral similarity between model and observer wich had been originally”
refriforced, This approach posits a perlod in which the general capacity for imjtation is
acquired, but the phenomenon of imitation Ts subsumed uhdet already well-estgblishec
pritciples of instrumental learning, in.a sense doing*away with the whole topic.

X

[ ',

On the other hand, both Aronfreed (1969) and Bandura (1969; '1971) have tended
to emphasize a central, cognitive comporient to imitation, differentiating Imitation from )
more traditional learning progesses. - Aronfreed has argued thqt the term imitation be.
limited to those instanees where the internal structural features.of observed behavior serve

.as @ model for the topography of the observer's own' behavior, He has postulated, that
observation of a model's behavior results in the formation of a-cognitive template, which
sérves as an internal representation of the model, pro(/ided that a.change in affectivity
I induced In the observer during the observation, which fhen becames coupled to the
template, A number of Imifation studies demonstrating the Thfluence of model character=
Istics or reinforcement variables have been reirfterpreted by Aronfreed to'show the-
. Importance of a change In affectivity... The important feature of Aronfreed's view s,
- however, his distinction between surface fidelity of one behavior to another and structural
corfespondence even without fidelity in detail, the latter being definitive for imitation.
: Similarly, Bandura (particularly 1971) has emphastzed "a representational guldance
system for matchirrg behavior which cdn be established without overt responding" (1971,
* p. 25). Heisolates-attentional processes, refentional processes, motor reproduction
™" processes, and motivational processes in the sequence from a modeled event to an imitative
performanée. He goes on to specify that "in the social learning view, modeling stimul}
serve more as sources of information than as automatic conditioners;. observers often perform
operdations on modeling Inputs so that transformational and erganizational processes gre .
Invelved as well as bssSziational ones; less structural correspondence is assumed betweén
mermory codes and the original modeled patterns; ,verbal reptesentation is assigned a .
gréater response guidance function; and reinforcement . is treated os . 0s a factor shat
can facl|itate observational leaming" (1971, p. 28). While tfiis formulation clearly .
separates the process of Imitation from more tradifdbnal learning, it deprives the notion of
distinctivenéss by merging it it perception, ;epfegéhquion and memory, .in Z:ct, Bandura
&~ posits four modeling effects: (1) ‘inhibitory qffe_‘cts,v produted when the model's behavior .
¥+ 15 obs¥rved to lead to punishing consequences; (2) disinhibitory effetts, produted when
models are observed to engégd in thrgote);ring'ar_,ﬁTbhthed oéfiv,itips'withouf/odverse T
consequences; (3) response facilitation effects, produced when othérs are observed to ~

. H

]
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.~ engage In fhe performon"ce oF pre-exi'sfing responses of a generol fype, and (4) observa- ¢
¢ Hondl {earning effects. Observohonol learning is thought to entdil the orgonlzc:l!ion of
s ovolfbble response components intornew forins of patterned behavior., Bandura stresses that

* ' most hew complex responses are composed of common behavioral elements, dhd }hus, such

" tecombination. qualifies as new response acquisition.* The capacity for observo tonal > .

. learning Is presumably inhererit to man arid any, ‘change In Imlfofion of models with’ age kR

would have to be accounted for by means of other processes (oftenflonol, refenfipngI,Q

S ,‘efc.) enfer?ng into the imlfofion situation’, g

v -\,_!'_ . . . ' "
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T «e,Few sfudles ave examined children 5, age as'd vorloble in observo.ﬂonol Ieornfng
. (Horfup and’ Coofeé 1970).. Most studies hove used prescHooI children s subjects and
treated them as a single age group. A few hove sought age differences, but found none
o (e.g.< stherington, 1965). Howevjr, age’os on indicator ofelevel of development has been. ‘
much mote salient for investigators, concerned with the match between the gognitive demonds
o o“F the activity modeled dnd.the cognitive cop‘ocif)_' of the obserVer. .
In concldsion, fhe empjricat sfudles on imitation demonsfrofe that models Influence
the subsequent actlons of observets In a variety of- srfuoﬁons, due to the theoretical .
. Fromev'lork within which these studies have been condicted, they do not oddress a number -
" of poromefers of the imifofion situation, First, since the model $ actions are concepfuolized
In terms of "responses", the frequency ofall or individual target respohses of the model
shown by the observer is tecorded, but no attempt Is made to examine the sequencing,
: _regularity, repetition, etc. of fhose responsess In short, 1t'Is not considered that the obs@ver
*  may see,in the model's behavior an infegrofed uction rather thoh o serles of isolated
" responses. The Imitation of non~ forgef&s’ponses is also ignored. Second, since ability to
imitate Is assumed to be inherently present (Bandura) or firmly established by preschool age
for normal children, differences In imitation with development have not been sysfemdhcolly
s studied, Third, fhe process of oHornlng a match*in overt behavior has not been empiricolly
Investigated, © ..

.. s 4
LIS o

’ s "Cognitive Mofch Investiggtors. inclined to emphasize cognitive and. sfruofurof
factors in developmenf have not been much concerned with the phenomenon of imitation,
They have mostly used modeling as a fechmqu% to denfonsfrofe the limited lmporf rather
than the pervasiveness of obsérvafion effects, Storting with Piaget (1951), who recognized
In imltative phenomena the accommodatory pole of adaptation, they have embhoslzed the
. cognitive structures ofsthe observer (rgther than the objective features of the model) as v
T i primary in determining the impact of the observation. In hig works, Piaget hag remarked .
in several places that demonstrating a solution does not lead to its adoption by the child .
‘ Uniil the child fs oble to generate the solution himself through the development of his
own reasonifig. This stance has been mosf}\:llrecfly exorn\lned by investigators offempflng
to shift tle level of children s functioning. :

. Ry sfudy of the development of moral thinking in childreri, Turiel (1969) reasoned
“— fﬁof if progress involved a restructuring in the level of thinking, -exposure to reasontng at _
. one stage above that of fhe child's should have graater, impact than.exposure t6 reasoning
. ,"ohe-stage below or several stages above .- Turiel's Fmdlngs generolfy confirmed_his ex~ .
. ﬁecfoﬂons, more strongly for situations which were used in the mbdeling than for new
‘ slonhons. A similar design wes followed by Kuhn{(1972); She prefes!ed childrer on a.

closslficofion task and rhen had them observe an odulr perform the classification “ask at o

-
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level one sfuge below, one stage above, of two stages above that of the child The
effect of observation wgs assessed |mmediofe|y ond at a later post-test. The results were
nat completely clear~cut, but more pervasive chonge was induced by models demonsttating .
@ more advanced closslficohon perfo;monce than"the child's, supporting the hypothesis of’
hierarchical development. Taken together, these studies lend support to the attribution’ -
of a significant role to the obtervér's cognitive level in defermmm’g the impocf of a
particular demonstration, Imitatfon research from a cognifive perspecfive has been
revlewed by Kuhn(1973). ' ) L _ ()
In contrast to these fmdmgs stand reports of opporenf success in chonging the |eve|
of performance’ ifi cognitive tasks by means of modeling from imvestigators who do ot share .
the developmental perspective, Far example, Bandura and McDonald (1963) have claimed
to have shifted the level of moral thinking to mere advanced or less advanced when compared
to the pre-fesf depending on the level modeled. Simllorly, Sullivan (1969) has.induced
* conserving responses in children by’ exposuré to conserving models. Methodologtcal diffi-
culties prohibit an unequivocal interpretation of the changed responding of the subjects 1
both these studies, but further exploroﬂon of the conditions under which modeling may bg

an effective tralning technique seems to be desnoble.
|

A sfudy that clgorly demonsfrafes the importance of the cognltive requirements of

a task for imitation was reported by Wapner arid Cirillo’(1968). Their subjects, ranging.

* In age from 8 to 18 were required to imitate the hand movements.of a model, These

movements coytd be carrled out with either the left or the right hand fo elther the right

or the left side ofthe body. The results indicated that understanding of left=right relations

whis necessdry for correct imitation, which consequently iricreased with age, but was not .o
required for inexact Imitation, which was found not to be age related,’s This Sfudy also

pomfs out the imporfonce of |ool<ing seporofely at different ofp acts of the mode.‘ s behovlor.

-

> L

In conclusion, it oppeors that several problems merif further' exploration, First, the
reloﬂonship between the cogaitive capacities of the observar and the cognifive require-
ments of the modazled task ni! ‘o be .more sysf,,emoflcoHy studied. Tha'exparimental tasks’
may have to be less purkly cognitive in order to permit the child to constyuct and reproduce:
the modeled activity in'different modes, fot only in different degrees of similorlfy to the
model. Second, it,may not be reosoncble to assume that'a single modeling episode would

.reveal the full impocf that observohon ‘of the a¢tivities of others can have. Unless
representations are literally tgken to be ' 'templates” , observation and performance may
have to alternate severol times before the impact of the observations is revealed. L

‘- . .
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Sequenho' Orgomzoﬂon of Actions. The problem of the’ sequenticl orgomzofiow

———tte o e

" of bzhavior is addressed most cleorjy in st’gles of serlol verbal learning and of-motor - N
skill gcquisition. The-literature in both these, areds s gnormous;, particula-ly, if not '

‘limited to studies using.children as subjects; only a few.illustrative papers will bs ' e

menflonéd in order, to hlghhghf some IssUes perﬂrrenf fo the presenf research. ‘ .
Higﬁy compefenf mofor performqnces os well g5 the p- oduche use of language . .-
make it clear that assoclative ot chgining theogies cannot occounf for the organtzation
" and flextbility’ Qf such behavior. Loshley s (1951 ) classical paper “emphasized that the
essence of #thg problem of senol order in be hovnor revolve§ around fhe implication of . .
. ' ’ s ’

ot




- acts, acts which in themselves seem
. perlodically retumedtto this problem, \ ‘

" tzed skill development as @ serjes of qualitotiversteps, with consolidation ot &ne ste
permitting d new, program of yction to be.adopted, which.in turn has to be conso

probabilities between compohents of a sequentidl action, ,
~Is reduced a3 é;esulf’of increased predictabillty, fluency and efficiency characterlstic ‘
of skilled performaice becomes possible. There is not a great deal of empitical évidence.'

.prohibits firm gonc'lu:sioﬁs .
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o generalized paltern or schema of action which determines the sequence of specific
to have no_tempsral valence, Psychology has

A .
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One thread of s®ch evidant in many studies pertaths fo the relationship batween
b4 P P

_ component units and the sequantial task as o whole. Investigators appegr to be divided on

whether the component units aré perfected within the overall schemd of the task or whether
they are first perfected as individual units and, then be come available for Inclusion in a

the development of skilled actions such’as voluntary sucking, reaching, and qrosping,.
coordinated use of both hands, and detour rewching in young infants. He has gonceptuals,

ated., .
"The beginning of skill is difflsely organized-uwkwardness guided by a sarall Umker of |
directioral specifications” (1968a, p, 253). Brunér calls the process of cofisolidation

X modularization”, since he thinks that only modula-ized actions can,bgtome incorporated

Into new,; more inclusive, aid more complex serial patterns. Prior to Moduldrization, an
act takes up all the attenfion available, hindering aiming at o morg distant goal. . Once
attention is freed, a new progr&h,of action may emergz In one of.fﬁree ways: . {1) by '
tepétition, so that the modularized act becomes a sub=routine in an extended repetitive

" sequence; (2) by integration, so that a more remate goal tdkes control of the module-ized

act; or (3)" by elabratian, involving a breaking-up into more restricted componenfs and
thep a regrouping of them-into a modified pattern. Bruner suggssts that the components .
are always perfected within amore general pattern of action; and implies that they are :
higrarchically arranged with substitution rules and funatiorally equivalent yarlations within
the general goal-directed framework to assure flexibility and. generativity, ‘

-

On the other hand, investigators coming to thz problen from more tradi~"
tHonal theosetical perspectives.(e.g., Kay; 1970) have emphasized the |garning of
Once the information load”

’

onthis issue, €ince most studies have not morfitored children's pztformances in gnough

~detail to permit analysis of the execution of sub=routines within a sequemtial act, The .
" most frequant measures used have included latency, total tHime of execution, and error

scores, AJl these measures decling with prdctice , and time of execution seems to
decline with age (Conriolly, 1970), but the lack of information for u variety of. tasks

s cefitral to
quality 'of the directed-ess~gandrdting.mechanism. [t has to b seen as the source of the

- qualitative differences i the general appréachas adopted in the course of skill acquisifion
~ or with development. Some studies suggest that verbal symbols may be intimately ; .
involved in this function; however, the evidence on the importance dof visugl feedback . * o

for varioys motor p_itfo\r_m.gnces implies that response images may cd(cfbe involved, . -

. .
- w vt [ °
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"generalized action schama, Bruner and his associates (1968a, 1948, '1970) have studied p‘l
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. The notion of. ¥schema", “plan", "progran'™or "lmége",.hp\.NeVer named, ~ ~ - -
all non-chaining views of sequential performance G point to the atemporal .
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CL Furthermore, the similarity of thi$ problem to the problem of the "tempiate"
" In imitation, ‘and particularly delayed fmitotion must be polhted out: “In so far as imitation
Is fhought to lead to gcquisition of new patterns of actish rather than to single responses, ‘
_foymation of a progran for action through observation must be thought possible, This . '
J ltes that an observer mus}'be able to abstfgct from the actions of. angther the plan
- "gulding those actlons as well as to use It to guidg his own aétions during reproduction,

v One study In the sphere of verbal behavior (Rosenthal ,,Zimmerman and Durning, 1970)

L

_"has speciically compated the effect of o model's example.oft question~asking by children
In terms of the amount of exoct mimicry versus imitation of.question type, While a strong
model &ffect was found, there was Itttle exact mimicry, suggesting acqulsition of a general
- “rule, . g . - ' ‘ - B
. A great.deal of recent work Iri skill acqujsition tends to view the individual as an
. MInformatidn-processor”, o self-regulating servo-mechanism.. Thz task to be mastered 1s
thought to present inputs whith need Yo be perceived, processed, and converted into
output actlons, which fthen become part of the Informotion Input to be pidcessed., Efficlency
" In performing a tosk is thought to ‘depend on the Information load of the task for the Individual,
An Intimate tie between attention and information=processing is frequently implied, so that
the freelng of attentioh from a-sub-routine may be token as a measure of increased certatnty
tn the task. Sirce older children are assumed td be able to process more informotion per
unit time, their performance is.expected to be more efficient when the tasks are of sufficient
" complexity, Similarly, with'practice, as sub=components of a task becomé routinized and
thelr sequential probabilifiés become known, reducing undertainty, the efficlency of per-
formance jncreases, While empirical results support these gctations (Connolly, '1970),
the infornation=processithg approach does not provide d ing interpretation of the
sequentlal organization of octions in general., The qualitative changes taking ploce tend
o be abscured by‘essgn‘fic_fly qoantitative evaluations of performance. A , &

o -4

. In summary, the liferature or; skill acquisition points to several impartamt fopics
for.any consideration .of sequentially-organized actions. It seems that a generolized
program pro?ldés\orgonlzqfion and ditectionality. for sequential acfions at any stoge of their

. perfectiony The generalized ‘progra’s a-e likely to Hepend on the cognitive level of the

" Individual, *$davertheless, .the ocfdgl fmplementation of a gznerolized-program 1A oction.
may Be~neces§qrx fo- thz .acquisition ofsonfe types of knowledge, suggesting that moni-
- toririg of o deries of actualizations of @ generdlized program by an individual may provide -

" " valuable information rega-ding its limits. The ability of an individual to make use of an
extemal model in shaping or perfecting the gerieralized progrom for action needs further R

exploration, . . e e - -

C Rdtarch Perspective,  The present investigation aimed to gain understanding
" of How children varylng in age (ond jn level of cognitive dévelopment) construe a sequential
actlon modeled by on" adult as shown through their Teproduction of thot action 4n several
setial dttempts. In general fetiﬁs, the consi'dgfoflons of importance for this investigation
wete as follows: U IR
. ° 1. Thz modeling of on integrated complex actlvity. The.presentation_td the child
- of an activity that could be construed in o pumber of different ways and reproduced
at several different levels was considered tmportant.to gain an understanding of
the Interplay between the child's cognitive capacity &nd the effect of obserya-
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, 2, The modeling of sequenticll_z_orgcmnzed aoctlvity. “The modeling of
- ccﬂvify consisting of delineoted units and groupings of units was thought -~

Important to permit evoluation of the organization of the octivity In the child's
- .reproduction. The oim wos o goin understgnding of the “ganerolized progron" ~

. ? oction that children of differenf oges odopt uFI’er on observotion of o complex
_ f activity., - g o .
S +.3. The.use of octivitles having o sl’rc'\g cognitive comﬁgnent In"ortler to.

excm-ine chmges in reproduction due to chonges in ¢he, construal of the model's
_ activity ond those due to posstble changes In sdme genercl tendehcy to imitote .
- others, It wos thought :mportunf to work with fcsks requmng cognitive effort on,,
: the port of'the children studied, . . Yo : :

4, The yse of’ chnldré’n vorying n oge. The use of age groups which would be
expected to spon o mojor quolitotive shift in cognitive functiening (e.gs from
pre-dperational fo toncrete oparotional thinking)wos co'xsrdered impo;—tmf in
order to insure vcn'ylnq construgls of the model's activity., -

5. The elicitotion of repeated oftempts to repraduce the modeled activity, .
It wos thought that reprcduchcns moy change over o series of attempts due to
. chorfges'thot the arganizqtion of the octivity moy undergo with repetition and
olso duz to the feedbock goined from-the sepeated sbservation of the model Jond
of the product of the octivity even without extrinsic relnforcement, It wos con-
. sidered lmportmt to use tosks that ore s_unfcblefu' repeoted performance.
4
Withifethis. g°nerc| fromework, o series of specific experimenfcl studies wos
ccrried sut. Each study will ba described separotely, since different methods and procedures
were employed for different sfudces A concludmg stotement follows the presentation cf the

«

empirical work, -, .

. o ’ - Sfudy I . .
v Tha Effecfs of Modeling an Desigh Conistruction by Chrldren ‘
Numerous studies hove demonstrated thot chlldren 5 behcvncr in o situotion can
. be Influenced by the observation of o madel performing in o similor situation. In recent
, - yeors, the fendency has been to discuss the modeling effect in terms of I’b,e ‘information thot
the model's octions provide for the observer rother than in terms of asséciotive mechonisins
br of motivotionol processes, In keeping with this theoreticol trend, resea-ch has focused .
L bpbovior in rule=governed situotions ond has contrastad the effectiveness of modeling
" with other techniques for conveyirlg informotion to the subject (e.g. by direct verbal |~
Inétruction). A review.of the literoture showed, however, thot o number of voriobles
pertinent to interpreting modeling effects in cognitive terms hove been insufficiently -
oddressed in previous reseorth. The gool of this sfudr was o ekomine the effect of o
number of such voriobles on children’s p=rformonce in o,non-verbdl, rule-bound-tosk in
order to determine those voriables warthy of more intensive investigation.. ‘A secondory
gocl of 'this study wos to oscertain the smtcblllfy cf the design consfruchcn tosk for the
purpose of ﬂns reseorch, . . K .

-
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t the model’ s‘beﬁovlor is vnewed o5 0'source of informohon for I'he obsenrer, the
obtetver's cbility to Use this infosmation becomes of centrol importonce. Chongesin cognitive
obility thot foke ploce with development might b2 expected tb become monifest’in fhe

. ®sugcess with which childrén utilize the information provided by o medel. ,Although age can
serve only o0s o crutle index of cogmhvz level, studies of modeling effects on children vorying

. ln o e (and presumobly in cognitive level) have been relotively rore. Harfug and Coates '

» yeviewing reseorch’on imitotion by children, pointed out ths scarcity of informotion

.« on-oge Ffefences in the effects of observing o 'nodel In theirreview of studies on - .
obsetvot ono| leorning of rujexgoverned behavior by children, Zimmermoa ond Rosenthol
(1974) did nof even consider oge drfferences .-

*
- \
-

daen eor|y study, Coofe‘s ond Hortup (1969 ) demonstroted that 78 yeor oidlchﬂdren
. were significontly better oble to reproduce o seriés of specific octions demonstrated, by o,mode|
" thon 4=5 year old children. This oge difference wos not significont when the childten were. > ..
Instructed how to describe the model's pctions during the demonstrotion . Thﬁs, the. 4ig Lo N
~~difference presumobly reflected o dnf‘e:ence in the spontoneous use of verbal codingtsirc}egnes :
to facilitote memory rother than cny difference in obility to utilize the inforation previded
by the mddel. In o more pertinent study, Denney (1972) foind thot different question-
osking strotegies modeled for 6, 8, ond 10 yeor old boys offected the three oge groups
differently, The most complex strotegy did not offect the behovior of the youngest group
ond the ‘least complex strotegy influenced on}y the middle nge group, who ‘gave up to some,
eXtent their more complex spontoneous s*rofegy for o less complex one upon ‘exposuré to the
"« model. These results point to o possible interoction between cognitive obility to utilize the
method de.rho:;gfro?ed by the model and foctors of sociol comphonce. Snm:lor|y, Cliver ond
Hoppe (1974) found thot kindergorten children were not influenced by observai’ion of @
model's unreinforced behavior so os to deduce that the o'ternotive would Be reinforced;
second grode children werd so influenced. However, the second grade children olso seemed
to be sensitive to the sociol aspects of the situotion, since fhey chose the rem&xCed
. diterotive significantly more often only when the unreinforced motel wos cxbsenf from the
room, |nferpfefchon of the.findings from this.study is c;t')mphcci’ed1 by the foct that fourth
grade children were found to be little influenced by observotion of the wnreinforced model,
olthough cognitively thay should hove been obfe to deduce fbot the olternotive response
was correct, 3 . .

n

S -
- ’

Affémphs:to test-Pioget's stoge Wmodel of cognitivé déPefopment have come closest

to exomining the role of cognitive level in responsiveness to o given model. Studies by .

Turiel (1969) and Kukn (1972} suggest thot children exposed to reosoning one=sfoge obove

thelr own seem to be most offected by the experience. Reconﬂy, Murroy {1974) exomined ,

the effects of modeling on children's responses fo a conservotion problem. He*concluded -

thot modeling wos effective when it wasin developmentolly sensible direction ond only for

children who were cognitively open to grosp the undggstording'modeled (i .e., in troasi-

ton for the concept). This, the ov0|!obl~e studies suggest thot fhex observer's gognitive o,
. level k5o foctor indetermining the effecf that observotion of o specific model will hove,

but, odditisnolly, that foctors perromm the gxpernmenfol snfuohop_oho p|oy a rolein

defermm!ng the child's behovior, .

ik}

’ i >

. . ln the present study, children from klndergorfgr\, second, Fou:fh ond sixth
grades were studied. Pilot testing indicoted thot pseichool chlldren wou|d not perform
in o, task having the desirec chmo*fenshcs, consequently, kmdergoﬂ'en chi ldren
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“constitufed the youngest group includéd. It was assumed thot the oge groups chosen © N
represent d different |evels of cognitive obility. [t was hoped thot the study of four oge
gréups on the some task would contribute to the understanding of developmentat trends in

'y

modeling effecfs. -, .

w ) ' " . , 1

s, A second importont focet of this study was the bshavior to be modeled. If the

observer Is viewed os onoctive orgonizer of his activity, octively processing the Information |

contolned in the madel's octions ond octively constructing his owr hond'hng of the some
" tosk, then the modeling must invalve rule-gsverned, sequenhollx-relofed and goal-

directed kehaviar. There have been relatively few sfudles n which such ‘modeling wos
used, ‘ N

”

. . - »
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Most of the earller studies selected For modeling several discrete acts which could
be inserted within some ongoing ochvnfy. In trying to ensure that the acts modeled would be
novel and, thus, unlikely to be seen in the spontaneous behavior of children, the studies
usually centered on acts orbitrorily related to fhe main octivity, For example, Banduro
and Huston (1961} modeled morcking, doll- hnhng ond verbplizing in the course of sefecting
the box which contained a reword. At most, the modeled behaviars may be seen os em-
bellishments of the action of choosing the approgriate olternotive: In studies of this kind,
the personal chorccferlsﬂcs of the model ond the nature of the relohonshtp between the .
. npdel cr\d the phserver have been found to be important defermmers of fhe mede"ng ef

- . Maony of even the more recent studies concemed with abservational |eom|ng of
concepts or rules have selected foirly orbltrory concepts for modeling. For exomple,
Zimmermen ohd Rosenthal (1972}, ond Rosenthol ond. Zimmerman (1973) studied the effect ”
Qfgnodelmo on acquiring o rule thot on arrow's color in a display -is to be motched by the .

« calor of the spools selected ond that o position of the arrow designates the number of spools
to be picked. Although the tosk daes invalve the learning of a rule, the rule itself Is
quite orblh'ory,. Snm:lcrly, Rosenthol, Alford, ond Rosp (1972) studied the behognor«of
children in o clustering tosk, where Fhe rule demonstrcfed by the model was hoitake on”
aobject from eoch object clpss so thot no two objects would be of the some color. While
following of this rule grouped oll the objects effactively, \mony ather rules might be
dévised to sqsibly partition o set of multi-cSlored objects\ Somewhot inherently less
orbitrory rulesithat hove been modeled include clossifying dbjects on the bosis of 0 nan-
preferred dimension {(Kobasigowe, 1970! or Pointing ko the \denhcol vr different picture
In a matching-to-somple tosk {Zimmesmon ogd Rasenthol, 1974) The previous studies thot,

come most closely %o ‘modeling o non-orbufrcry .opproach to o task all involve the 20-
gudstions gome (Denney, 1972; Denney, Denney, and Ztob}rowskl, 1973; Denney ond
Connors, “1974; Loughlin, Moss and Miller, 1969). Strategies for ploying this gome vary, |
with, ,age ond they con be atlered on the basis of their. eFFechven,ess, _thus, children con
be exposed to o strategy they do nat use sponfcne0us1y, but which is inherently preferable
If ode is to win the game., In these studies, however, the sfrotegy is evident in the verbol
behovior,of the model ond the.distincfion between modeling ond verbal instruction becomes
Fmrder to drow. Consequenfly, 0 10 -verbal tosk was chosen for the present sfuéfy

Thitd, becouse the rules or concepts to be’ ocqusred through observoﬂon were
frequently orblgrorily reloted to the tosk ot.hand in previous research, the subjects inYhase

studies hod_tg be spech’colly instructed to follow the modefs behavior, For exbmple, -
) . 4 :
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. Zimmerman and Rosenthd! (1974) instructed thair subjects in"the rqqfchirrg-fo-s:é—mph tosk:
"Point fo the same thing she ppinfs'foponﬂ soy what ske says," -Or, Zimmerman (1974)
“told his subjects in a stimulus grouping task to "“Play the gamejust like the lady did," -\
With such explicij Instructions to imjtate ﬂ“‘le behavior of the model, it is difficult o ’ .
- separate the social influence effecf of-the situation from the observational legming effects.
It Is possible toargue that observers adopt the model's strotegy in order to meet the request . . =
+ of the expgrimentdf. In a situatjort where ‘the model s behavlor is rather arbitrory, the \ . .
effecﬂv’Zss of observation might be. detesmined by the personal charocteristics, of the Lo
‘¢ model and the relationship of the observer'to the experimenter just as {t wosdound to be in . \
the earlier studies of imitotion of rovel, df;crefe“behgvfor\s. Testing for generalization ,
of the madeling effects as well as for retention of the rules learned hos been included in . \
many studies so @s fo demonstrate ‘that.observational learning has taken place. However, T
to the extent that the generalization tasks are"guite similgr to the troining tasks and da not |
contaln an inherently correct solution, generuflzotion dye to'social compliance canpat be - :
tuled out, Consequently, it was judged impdrtant. for the present sfudy to select a task ) \\
that could be solved in & number of different ways. Ths model, then, might demonstrate ' N
an Inheréntly effective way for carryingtout the task, but the observers would have

dvailable alternetive ways for hondling it, )
4 ’ ) -
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. When a sufficiently complex tosk is used, & disthction can olso be made "oe.fwéen .
the process of corrying out the task and the product or outcome.  For example, different
strategies con be used in the 20~questions gome, and‘any of them may some  ° .lead to
a correct identificotion; the achlevement of correct identificotion does not uniquely
indicate the use of a porticular strotegy. Most studies in'the literature have relied on the o
associotion of thé use of:the modeled strategy, rule, or concept and a parficular tosk-

e, solution to infer the use of the former from the ldtter., Scoring hos been largely in terms
of the product of the activlty rather than the process of going obost it. In the present
study, it was decided fo record the approach to the task used by the children in order to® y

4 . . . .
have measures of the ‘process of carrying out the task as well os of the tosik outcome, A .
number of specific aspects of the process of carrying out the task were conidered important 7
to assess'In order to capture the seqUentigl, orgonized noture of goal-directed ocjiv’ify{ - e
. - . ' - . ~
A ) 4 ¥ . * N

, + Previous resedrch hos n%t examined systemoticolly any differerices between
modeling that is inherently task-related ond modeling thot is incidental to, the main task,

» Studies focusing on modeling:of novel, ‘distinct acts haye generally used preschool children
and hove presented these acts within no specific tosk, i.e., a play context, of-as$nci-
dental to o task, On the other hang? studies focusing on modefing of o concept or a rule’ -
have used a tusk requiring the concept or rule to accomplish it'successfully, .One exception
is & study by May (1965), who compared'imitation of relevant and irrelevont uspects of
"the model's bshavior in o twochoice discrimination problem, A difference between these
two aspects was obtained in thot both 3 and 5 yeor old children imitated the model's choice
in the discrinination problem equally, but the 5 yea- olds imitated the model’s Irrelevant "
behaviors mote thari the younger children.. 'A’similar study has not been conducted with a

. _wlder age=tange. |t is possible that the older children ossumed an implicit instruction to

imitate the model in all respects, since. it hos been reported (Kubn, 1973) that older pre=~
school children tend to interpret an ambiguous instruction as an- instruction to imitate the
model, It {§ conceivable that at later ages, children would intérpret the situotion more
flexibly and imitate Irrelevant aspects of the model®s behavior less often. Consequently, *
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in the present sfudy, the model demonsfrdfed both a sfroi’egy for coﬁylng aut fhe task
' as well as several task-irrelevont behovmrs. . Ve

L] [

» £ . ’“~

. Flnolly, It' was thought worfhwhlle l’o examine the effects of modelmg aver S
several repetitians, since a single expasure to o complex strategy may be Insufficiet
for a child to process the Informatian available. Although #,might hiive been desirable S
ta wse a greater riumber of repetitians, due ta time consfrolnfs, fhree repetitians of the -
task performonce were used in the present sfudy i S : -

N > . ,- ,- *
B

In shorf the' present-study focused an’ the’ modelmg af a complex activity, rdn~
verbal In mature, the making of a linear deslgn from geometric farms. The task required v
sequential, rganization of actians for its execution, yet It was ane thot cauld be executed

- In' severa} different ways and lead tq the same end-producf. It was a task within the

.campeténce of the ‘youngest subjects to carry aut in same fashion; the model demonstrated
o reasonable altemative way for carrying ot the task . ‘While a general strategy guided .
the model's gcHans, it could nat be readily %rmulated ihto a simple verbal rule, Thus,
*,In this case, demonstratian might be carisidered the narmal means far corveying the -
Informoﬂon.embedded in the model's actions. T addition, several discrete acts tncl-
dental ta the making of the design were also modeled in order ta allaw a direct comparisan
" of the effectiveness of mpdellng for these two types of behaviors,: The effect of the madel
on the chﬂd was assessed. in ferms of the modlf“coﬂon@of the child's way of corrying dut
the task ‘as ¢ result of abserving_the rpodel s way af gomg about it, The ‘madel's way of
“xarrying out the task was nat characterized as,"gaod" o "carrect" “and the subjects

_ yere nat spectﬂccliy tald to act like the model

L Subjects.

%

Methad

P

'

' [ EN

-

A tofal of 96 children participated in this study. They were obfained

from two public elementary schools located in lower-midde class neighbourhoads In
Worcester, Mass, Twenty-four childreri, equally divided by sex were tested from -«

-~ kindergarten, second, fourth; and sixth grades. The children within eoch grode were
‘rahdamly ossngned to one of three exp,enmentol condmons.

-

M

<

rlols. The linear design to be canstructed by the model ond by the® sub[ecfs

was made up of 37 geometric pieces. The.pieces were cut aut from 1/4 in, thick masan-

ite In the folfowmg forms: square, circle, triangle, ellipse, diamond, and rectangle.

The Individual piecés generally fit within a 1 1/2 In. square, except that some

rectangles were both narrower and taller. The pieces were painted in several different

calors. The complefed design s portrayed in Figure 1% It was cansidered ta be compased
- of elghf umfs, ds indicated in the dlogrom. )

1%

S A wooden box (30 in. long, me wnde and 2 1/2 in. deep) with 24 com-~
w{ﬁl%ents arranged within three rows was used for keeping the pieces far mokmg the
T d

n: ldentical pleces were grouped into separate campartments in order ta minimize
ablem of finding the desired piece. This supply box cantained duplicates of all the -

pleces used in fhe design and some p(eces in calors other than the ones needed far the destgn""‘

—— -

t
'
.o

L}

¢




" .
) M v 4 - .0 . s 5 '.." r
B - » - . . . o R . '
. d .- - >~ .. . 5 -
. . 4 . .. . : . . ,
. . - - . "y
" . . “
L ~ RK wr . . - BLL‘ \ BKO“
. . )

- _:——J \"‘—-—‘-—" —N [ - ] B \_,—\ ~ =N _‘.
* . ) T ’ 7 5 8 .o

———?

.! LU,F.U Z'T‘OA@@@@@O«@o@H R~l/£_ a?uﬁ[_/_&ﬂqu_w[i |

L
&
’d
B
P
"(.N"\'
]
0~

.
- . . '
O O . .
o 3
- -~ . 0 . @ W2 .
» \ N 2 -
.
% . . . - . ,
O — : L
R ~ ‘ .
. by e v B P
- ’ v ) 2 oL * A M .
, ‘ !
ll\

Sequence
&>
r
L
\
J
"
L
R
.
2
¥

- - . . ] .
. S

Ad ’ <
] T e . \
’ & - )
" .
' ) " ’ . i o
’ . - . . .
) .
’ ' K . »
‘ .
) r - " q
.
-~ * -, , . . — ' X
. . t . . ' R o . ) R
. . . M M . ’ . —
4 ' . 4 . V . - :
. ‘ | S
s Tt 0 . . . . . ,
: ' ‘ o L
a .

: y Figure I Schematic representdon of the sample design and the sequence used by the m'ocjei in making the design " C
v \)4 ] . ' o ' . N > . ) . ' . . . R ‘ - \ o N ‘\ ’ 2 U .
RIC fy T TP - R

; .
, i . ) | *

N




U desfgn was builf, In‘qddition to this supply box, .four smaller wooden boxes were

taped the sessions‘for loter onolysns. : .

. permitting a good view of the-attivity at both; - the child was asked to si in this chalr

" During eodh,trial, the boord ,confommg the sumple design was hung opposite the supply "
- table, requiring a definite turn in order to view It from either foble. J;he\lay out oP .
. the experimentol‘room is depicfed in Figure 2, '

.

»

.
O~
)

. ~exposure the desired end-product. No instructionsas to how to proceed were gllven.. i
" |n the Model-and-Design (MD) condition, the children were osked to first watch t

. R L 13,
A listing of oll the pleces prowded and their |ocuhons in the box is given in Appendix o
Tob|e Ay 1 P . - - LN & »
This box was |ocofed 6n o separate table from fhe one on whiqh fhe C L

™ $tackell on the corner of this toble., These smaller bog<es meosured 11 in, by #13 1A,

ond had three. unequal-sized compartments. They were avoilable for transporting o~

selected pieces from the supply box to the work table, . . /‘/,' : ‘
.~ Wooden boards meosuring 5in. by 60 in. and covered with mef&l on fhe’ ,

fo’p surface were used-os the base for building the design. The geamatric pieces hod -

small, circular mognefs glued into their backs and, therefore, odhered to the metal,

When spaced obou# "1/2 in, apart, the pieces used In the design® Fllled the boord from

end to end, . >

— - . , Y T

&, - -

Procedure. Each child was fesfed mdiwduolly in @ spore rooan the I o
child s school An adult female introduced the children fo the task and served vs mode
for those in the modeling conditions. A second male experimenter was ptesertt and v)udeo-

) ‘-

The experimental room contained a {arge table on whigh the designs were °
builf. At u right angle to this table and %bouf 4 ft. away, there was a smiallet table con-
taining fhe1 supply box and the containef¥, A choir was pléced between the two tables, ~ - .

during'modeling and the model used it while ‘the child was construcljng the design,. Y A

ik Loy &

Three different experimentol condlfibﬁs were used, |n H‘\e No Model (NMY):
condlition,, the child was shown the ready-made somple design and asked to proceed to moke
an idenﬁcol design on the work table, Hence, this condition may be viewed as a control
group far z;ode[mg and os @ group wh‘;ch received informohgn about the task only through

e model

make the de sign and fold that they would héave a turn afterwards, .The model demonttrated . ! .
the makinglof the design before eoch trial given to the chlldpj In this condition, the ~ ]
children mdy be considered.to haye had two $ources of inforgation_aboGt the task, obser=

vation of .the model's octions in making the design and the desired end-product whlch was a4,
also ovoi&oble while the child.built his design. Children in the third conditon, the !
Modegl-No Design group (ND) were treated identically to the’ children in the Model-ond- -
Design condition, excepf that once they had inspected the completed design for obout 15
seconds, the omple design was removed and they had'to proceed from memory. . Thus,

although perfe prmance of the ND group would be expect®¥ to be highly inflsenced by memory
factors, this'group.may be viewed as having to-deriye informotian obouf}He tos,k moinly

from observatibn of the activity bf the model during design construction. . .

= . v, ~ [} .
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The strategy demonstrated by fhe mode| hud several distinet characterlstics:

(1) The model showed plonfulness she used one of the containers to gofher the necessary
pleces for the moking ofthe design; she picked up the pleces by types (yellow squares, . -+ °
triangles, brown sticks) and placed them into separate piles in.the contalner; she cgrried
these supplies to_the work table and surveyed the work board as If to plan the loy-out of
the pleces. (2) The model treated the design as nade’ up of sub~units: she removed pleces %
from the container In units, deposited™them on {He board in units, and made definite -

. pauses after laying dewn each_unit; once the design was completed however, all the
pleces on the board were equidistant fram each other. (3)' The model treated the design
as on organized whole: she started tos.moke the design with the unit-at the center and.
switched from worﬁing on gne side of}ﬁ?deslgn to.the other several times. - The SeqUenc;e

.of actions inbullding the design used b jhe model"1¢ described in Appendix Table A: 2, .

. The niodel also exhibited ten distinct Behaviors while working at the two tables such s |
blowlng on a plece, rubbing two piece@ together, deposhfng the container, back on fhe
Supply tobL,aQQr completing the desfgn, verbalizing about the pieces, ond Qo on...

N
b3

} §'| -
Upon entering the experimental room, edch chlld was told explicitly that the task |

was to make a design identical to the sample design which\.wos alraady butlt from the pleces
located in the supply box. Children in the MD and ND conditions were shown to the chair ‘and
asked to observe the model make the design before taking thelr furn. Children In.the NM
conditlon were asked to go ahead and do it, All children were.informed that they wou1d make
the design .three times. Children in the ND condltion were, also {nformed that the somple
design would be rgmoved priot to their turn at buTlding the desngn. No relnforcements were
given to the model or to the chifdfen in any of the conditipns. After the tasttrial, “the

. children were questioned about their strategy In building the design and obout whcﬂ' t‘\ey saw
as Thits In the design, These responses were vndeo-toped as well s s

" The children's performance was pﬁd In terms oFseVeroI dimehsions (i)

occur\ocy of the completed design; (2) ef cy in-making the design; i.e., Hme to
complete the design; ond (3) evidence for the influence of observmg the model in terms
of (o' direct Imitation 6nd (b) differences in strotegy of going . about the mokln;uf the
design, compared to fhe NM group, ' ‘

- o , fe

/

' i

Results
at ° . "g . oo
S The specific measures that were coded and their rellobility is reporfedé )
. Table 1. Reliahility was determined by having two judges independently code the
" video=tapes of 24 subjects (six from eoch condition). {t was found that the medsdres could
be coded falrly rehobly : s —

"Since preliminary. onolyses indicated TGt the chlld? s sex %s nét a 51L'\iflcant
factor In performénce, all the resylts are presented for boys and glrls combined. ' For
mosrTeasures, onalyses of variance with age, condition, and trials as factors were
fin and then followed up by post~ hoc comparisons*of means or trend ondlyses. h

‘4 F—. o

Grade cmd trial effects’ Were obfoined on most measures, indicating greater
factlity'In perfofming the task with age and.with repetition. There were almost no grade |
Ly J’riul Interactions. The effect of trials will be discussed only when it modiﬁes the effect |
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- of ‘o'thenvur!ogés\ - ' ) o : '
T * Tablel - - I
© . = Reliability of Measures Coded from the- Video-~Tapes ) ‘ <
.~ Gilven as Correlotons Betw'eenlxio Coders orPercentages of Agreement )
) 'Mensures. a T ~-Conditions ‘ Ovéro]_l, ‘
- ' NM..  M>T—-ND. . .
. . Numbet of Errers = C L 71% 92% = ° . o "'81% .
MNumber of Self<Corrections 71% 83% 71% C75% . .
‘. Total Time IR .99 L 99 T, - 499 SYe
Y. . te .t -.
’ Organization: N . : - o ,
Numbér OF Sfeps . D i : .93 . 099 ’ 099 . . 097 R
- - Number of Chunks - 93%, - . 91% | 76% s B8
Between-Unit Pauses - +.% . .89 - .80/ - 87 -
t _ Within-Unit Pauses ) ".99 ° 97 - £ - . 52
" .. Retums to Supply Table .99 .99 .97 99 L
- Checking of Sample Design:- \ - , F .
N Chizeks ot Supply Table- 096 . 97, - 397
Checks at Work Table = .94 97, o s S 4
.+ Betweén<Unit Checks . 71 S 7RI T W97
+™ Within-Unit Checks -~ .90 " .86 = - - .87
< dmitatons: s T N L e T )
.+ Container Use . 100% '. B88%  100% ° V9% -
‘ T{pe of Progression 100%  83% N 71% 85% .
. . Placement Forward 88% 67% 58% \ 7% Ve
: Crossing Center. , 0 100% - 67% . - SN 65%

T

s fragments of the desigh were built. -

.Accdrocy of the producf.'.

9 in the ND condition, some measures cou

“

ld not be coded because only

. "

} ! « ~

In terms of the number of pieces placed in their

- correct positions, children jn the two conditions where fhe sample design was available

o them d(ring: performance of the task
" childrén in the ND condition.

the grode.effect{F = 19,42, df3, 56, p <3,01)
.action (F=5,14, df 3, 56,-p <.01) was signifi

humber of egrors made by kifidérgarten children in the
" medns; p <,01) and a non-significant increase in the

(NM. and MD)

As cdn be seen in Table 2, from secend grade oh, children
in the NM and-MD conditions made very few errors .*
. “MD) analysts of variance on

cant,

were clearly more proficient than

A 4 (grade) x 2 (conditions NM- arid

the.total, number of érrors summed across trials ihdicated that
as we}l as the grade by condition inter= ~ -

~ The interaction is due to the gredter
NM conditian (Duncén's test on -
number of frors for grade 6:childrgn .

" in the MD €ondition, indicating that the ‘Condition effect on errors decreases with age, '
The etrors most frequently made by children in the N

4

pleées#‘éhd substitution of pieces; it Seeméd that the

e Y

Al ! E : ~
s . 2(.
~ : . t
s . A .
) .
.

M coridition consisted of omission of e

NMlchi'ldren had greofer d”ﬂCU“‘y oot

v

%

*
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" o Inkeeptng track {)F_ thelr place in'the. design, since they adopted the sfraiegy of ;;lece-
. ‘. ‘4 - ¥
by-piece copy of the sample desigh. The most frequent error made by“grade % children
o was fatlure to use appropriatefy shaded pieces in unit 5, the large central uhlt (see

.+ _Flgute 1), A trend analysis indicated that there was,a significant dacre”c’}g:in the number
-+ . . of errors with grade only irt the NM condition. x

o . | L o L .
- . Table 2«7 TR :
. Mean Number of Errors for all Three Trials -
. :- -Co'ndlﬂog L ’ Grade *
AN $ o Ko 2 -+ 4 -6 "}.'
. ) P s - - . i ‘ ;, ‘ ' . - .
_» CONM 27 "51 22 w7 o
PO 'MD. T 36 20 s
Slnc.:e_ermfs could not be q_:efermir;ed accurately for the ND condition, Table 3 . -
presents thenumber gf correct pleces placed in the design for alt three conditions., As
- shown In Table 3, children in grades 4 and 6 placed.over 60% correct piecss even in the -
+ . .."."ND condition from the second trial'on, Thus, it mayxbe concluded that chi!dren in all
the conditions had-a. way of performing the tdsk with fair success., <+ % . -7
W T T Tabled ~
. Mean Number of Correct Pieces (out of 37)
v . ‘ L Averaged Over Three Trials = -
’ 2 ' ’ :- A""‘ ' - .
" Conditiog, . - "‘:. Grade RTINS
S 2 - 4 6
. VIR . , _— . “ - ., v "" _.
. NM JooAT 35 23556 365 367 .
- . » i N N . . .
T . MDD 34,6 36,2 . 36,4 36,0 .
LT NY Toled 198 239 g7 1,

.y P

Time to, complete the design, The total timg to perform the task can be used
* 05 a very general.measure of efficiency of the strategy odopted, Total Hme included the
" time at the supply: tablé os well as time actually constructing the design. It turmed ouf ‘
#* to be Impossible Yo sepqrate out the time spent constructing the aeslgilﬁjo:use many .

R ‘j"chNJren thd.nof use the avallable containers to transport the needed plékes to the
“  work fu(!é and were constantly running back and forth between the 4wa tables, " The
"+ results for Jotal time are given In Table 4, - \
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. . - TOb'ea [ . “-n \s:

.+ Total THfie in Minutes to Complete the Desfgn

. v , . . . )

Condition- - . ~ < Grade - : S \
TN CoTdel L KT 2 T4 6, ‘
A 7.22.  5.88 45.17  -4,28, . .

NM - 2 .6.05° " .5,25 . 4,15  3.67. ¥

L 3 " 6,34 7 5,12, 3,41 T 345 S
‘. - - R, L y ~

o oo o U162 c9.04 . 5359 4.8 >
MDD 27 e .9.76 7390 - . 4,78 4,25 - s

_ 3 . L %78, 672 . 475 3.6
Sy T L 5390 58 507 S a3t et '
@ NDV - . T6.56 4,78  5007° .-3.63" Voo

. « 6.96 - 526 - 474 . 3,57- :

~

N - LR ~ . r - " -t E
\\ B -~ .- N - -

‘A'4.(grc'xde)&x 3(condition) x 3'(‘fri‘c;|) analysis 6f vo.rioryc'e‘ indicated significont -

N ~6</erc1” éffects for grade™(F = 25,18, df 3, 84, p €701), condition (F = 14, 16, df 2, .84,

« grade (F“‘=' 12,17, df 3, 84, p<.01) and <;ondi"fion (F=9.08, df 2, 84, p<.,01) effects

p< ,01), ‘oand trials (F = 10,47, df 2, 168, p'<.01), The grade by condition jmteraction = <.
(F-=2,94;°df 6, 84, p<.05)'méy be explained by ‘the gregter difference between conditions . .
ot kindergarten than at higher grades. th.fact, Kindergarteners in the MD .condition~

took significantly loriger fo-complete work on;the design-than did. children’in the other -

‘two conditions (Duncan's fest, p 4.05). ‘A sigiificant condition by trial interact{on .
(F-= 6,66, df 4, 168, p <,01) was oppore,ni!zy&ije to a lack ofdecrease In Hme over- SRR

frials In the ND condition, =~ =+ - , , . B
\ - CORT L ) C o .o
_This would be expected, sigige the relatively short.time taken by children in the - )
ND condition was dug, in part, to memory limitations; over trials, ‘they ténded to -

“temember the design better. and, thus, have more pleces to place, IR short, in terms

* of this traditional measure of performance, modeling did not have g beneficlal effect, , ~*

~
@ s

‘particuiarly at,ysunger ages, ° g - , _ s
Process of constructing the design. A different measure of the gfﬂciency of the
process of constructing the design was obtained by considering the number of steps token ey .+
by the childrer to' perfarm the task. A step was defined'as an”unbroken unit of action. T
It was usually bounded"by 'short pauses, sometimes a check to the sample design, or a
returiy to the supply table or the container for'pleces; if was concelved as the smallest

* * unit of action which could be an element in o longer unit 6f organized actvity, . R

Codets could identify steps with very kigh relfobj'lifyy(.‘??), since they very offen B
corresponded to the placing of a singldpfece. The results are presenteg.in Table 5,

. S ’ . ) - o :\‘
A-4 (grade) x 3 (condition) x 3 (trial) analysls of ‘vorfqn'ce indicated signifjcon-f

aswell usa significant trial by copdition Interaction (F = 6,69, df4, 168, p<,01),
The interacton is due ip the fact thdt While theFumber of steps decreased over trials N

i the NM ond MD conditions, they increased (linear trend significant) over trials in . ",
- the ND ‘condition, ~ . 4 . L ol N4
{ ! : te . . - iV : ) :';a{i"“' .
’ s Lo . . - gﬂ W P
e 2 . * : o ° . :“"“:{”'1 ¢ .
. . - T % e
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L 4 M By
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e e , " Table 5 PR .
‘ Meon Number of Steps- Averaged Acros; Triols B
e e Condlﬂo‘h : o _Grade TR
. - T K 2T 4 6 . .
T ONM L Az 155 1350 161 o
.. MD 27.6 248 17,1 162l '\
) © O ND T 202 182 12,9 10,3, N

An oné:lys!s of vononce on just the NM and MD condition results yielded slgniﬁcont
' “main effects for grode, candition ond trials without any trial by condition Intergction,
" The’ slg-uflconf condition effect suggests that at younger ages, children exposed to
" modeling were less efficient than*those in the NM condition, in keeping with the di-
rection of findings obtalned in terms of the total time measure .

, The children were free to adopt any strategy in, constructing the design, Since
the sample design could be viewed during construction by turning to it, children were
"~ -able to'adopt the strdfegy of copying the sample design. It was, p055|b|e to assess the
.number of times children tumned and checked the sample design as one mdlcohon of such
o sh'ofegy. The results for the,NM and MD condmons‘ore shown in Table 6.

5

Table 6 | S

) ).: o Mecn Nuniber of C Checks Avéraged Across Tric;? Cooe
7 Conditlon A ]
- . @ Sk 2. 4r 6 ’
- © NM % \4’1‘.5 ;:/59.6‘ 39.4 33.6 . J |
MD - . 7 v 637 5100 37,1 26.7 .
: . . ) @ - -

- A 4 (grade) x 2 (condlhons NM and MD) x 3 (trial) analysis of vor?ence lndicofecl
-, slgnificant overgll effects.for grade (F.= 11.18, df 3, 56, p<.01), condition (F = 4, 51,
Uiz, dfl, 56, p<.p5) and trials.(F = 61,59, d4f2, 112, p<.,01), A significant grade by
" condition interaction (F = 5,28 df 3,56, p <:01) oppeored to be due to the lack of
a slgnificant decrease in the: meon number of checks with grade in-the NM condition.
Children in the MD condition checked fhe sample design significanfly more often in ‘
Lo kindergarten (Duncan's test, 'p.<.05), but their number of checks detlined slgnif‘-
. cantly with grade. These findings suggest that with age children in the MD conditian
changed thelr behavior more than those in the NM condition’,” Very similar findings were
obtained when checking at the supply table was Seporoted from checking qt the work

o, .foble ond analyzed separgtely & -

-

.
- - ~

A *
|f was also possnble to evoluote‘*ﬁfhe extenf% which children construed the design
as organized th the way that it was conceived to Bé*organized by, the experimenters and,
as presgpfed during mode“ng. Pausing was defined as ‘stopping the stream of ochon for
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o beief or o longer perfod of time. When children poused, they sometimes olss  ~

checked the somple design, but not olways. * In order to use pousing as an index of. ‘

the way the design‘wes being construed, pousing was divided inta thot occurring in
between units of the design (see Figure: 1) and thot occurring within such Onits, It wos - -
thought thof the more the design wos construed in the some mariner os orgonized by the

K . model, the’ more of the subject's brgdsés should occur between units of the design, ond
the less within units of the design.” o . )

p . ) Sy .

P A 4'(grod€) x 2’ (condition) x 3 (triol) onolysis of varionce on pousing between
unlts for children in the NM ond MD éonditions indicated significopt grade (F= 3,95,
df.3, 56, p <.05) ond triol (F = 3.53, df 2, 112, p<.05)effects. The NM children
poused slightly more bétween, units thon the MD children in grodes K ond Z, hut the
condition effect was not significant, Thus, between unit pousing did not vory with
exposure_to modeling;” but de¢reosed with oge ond with triols, ‘

. X . s :
. Looking ot within unit pausing, o 4 (grode) x 2 fcondition NM and MD) x 3 -
' (triol) onolysis of vorionce indicoted significont effects for grade (F = 11,77, df 3, 56, £
p<.01), condition (F = 0.76, df 1, 56, p<.QT), and triol (F = 23.09, df 2, 112,
p <.01). No Interoctions were significont, As shown in Toble 7, within unit pgusing’
wos highér for children in the NM condition ot oll oges, olthough such pousing decreosed
. .with oge In both conditions. The ND condition wos not included in thé onolyses, since
‘1t wos difficult to pick out Intended units of younger oges; however, to the extent thot s
the model's units were ‘evident in their constructions, there wos very little pausing '
within such units, ' :

_Toble 7 ' )
Mélan Totdf Within-Unit Pouse Tirme Averoged Across Triols in Minute§
s Condition = "+ Grode .
X _ K - 2 4 6 '
‘ ) ° ) A Q -
NM . 283 7 191 .45 1.44 7 L
' " MD . B P2 4 T - S

. RN < h
" Since o gondition effect wos not obtoined for between-unit pousing, the
differences in within unit pousing thot were gbt%ined,connof be ottributed to longer
. pousifig-in NM condition in generol. 1t oppeors thot Sithough with oge oll children
come to construe the desfgn in terms of some units, observotion of the model's octions
helped the child to percelve the design os composed of distinct units.

.
et
7

.4

This contention is further supported by o direct exominotion of the units imposed
on the design by the children themselves, 1t wos decided to define o segment of the
design built by-the ckild with osingle intentionofity os o chunk, whether it corresponded

< to'the model's unif or not, Chunks could include sevetol steps, but hod to be corried

- through with seemingly no disruption of intention during thot interva) &f construction.
Chunks were Identified by coders with good reliobility 88% for oll three’ conditions).
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The résql.fé'.ore presented in Table 8. . o ‘ L -
L s ) * . 3 . L
' . v Table 8, : . '
. Mean Number of Chunks Across Trials ] e
) Condition ’ = R Grade
—ondriion Pl Ly .
K 2 4 8
, NM*™ L1971 1521 13,65 14,12 L )
- .MD . ) 20,62 19.21. 13.29 9H2
ND 800 1.0 838 7.9 o '_

A 4 (grode) x 3 fcondition) x 3 trial), analysis of variance on the number of .

chunks evident during construction indicated significant main effeets for grade &
. (F=8.78, df 3, 84, p<.01), condition (F = 25.2Q, df, 2, 84, p< .01 ond trials-

(F=236.95, df 2, 168, p<.01). A significant grade by condition interaction (F = 25.19,

df 2, 84, p <.,01) oppeared to reflect the {ack of a reduction iIn the humber of chunks .

with age in the ND condition, A significant condition by trial interaction. (F = 15.62,

df, 4, 168, p <.01" appeared due to the fact that across trials, the nymber of chunks

tncreased hythe ND condition, but decreased.in both the NM and MD condifions. Thus,

. in keeping with the findings reported for total time and number of steps, memory problers
appeared to be amajor factor in the performance of children in the ND condlfiov\, over= ¥,
shodowing other effec}s. < ) .

Modeling Effects. Imitation of the set of ten discrete actions shown by the
model (see Table A:2) was used as a general index of imitation. Since relatively fey ) |
of these actions were shown by the children, they were odded across all three trials. -
A 4 (grade) x 3 (condition) anclysis of variance indicated o"significant condition effect
(F=24,87, df 2, 84, p<,01) ond a significent grode effect (F = 2,7£, df 3, 84, p <,05), .
Table’9 shows thot there was some decline in overall imitation with age in all conditions, but
the trend was not signjficant in the MD condition. The condition effect was essentially due’
to children in the NM condition; supplementaty analyses indicated. that ot all ages, MD
and NI _conditions did not differ significantly from each other, byt did differ from the NM

- condition:” These regults Indicate that the behaviors chosen for modeling were not ones
that children engage’ in spontaneously while perfoiming this-task, -

Table 9 R

Mean Number of Imitations Summed over Three Trials ) .
Condition ® . s ‘ Grade
K . .27 4 6
NM . 3.62 C 2.00 187, 175
MD 775,702 525" 6.62 o '
ND 6,00 775 437 587 ) '
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The imitatians-that did accur can be'cansidered tas (~related. The five{actians
that gccounfed for mast af the imitatians are: (1) positianing af self ot the supjly table,
" (2) .use of a container to fronsport pleces from the supply table, (3).verbalizatbon obout
’ \the pieces, (4) positianing of self at the work table, and (57 placement of plechks -
- fofward on the work board. Far exomple, 15 of the 32 children in the MD condiflon.and

13 in the ND conditian used o container ta trarisport the pieces fram the il{pli toithe -
i

%

wark table, but none af the children in the NM condftion did so. In odd on, thse :
: children who used the container, picked up the pieces by type and sorted them effagtively’ e
D “within the container, particularly in the ND condition, Thus, it:can he conclvdq:! that™
~ . the container was used as part of a planned appraach to. carrying aut the task ratht thon
< stmply In Imitatlon of the model. : -

'_The model's Influence an the overall strategy {Ec;r congh'uc'l:ing, the design was .
. . evident in other ways. The model started to make the design with the unit at the - -
center; none af the children in the NM candition did s0. Children in the MD con~ - . .

dition adopted the model's strategy in 37. 5% of the trials and chjld:
dition used.this strategy an- 58.3% af the kiols. The differenc

tween all 4hree ;*

conditians was significant (p < .05, rondamizatian test), A sim{lar pattern of tesults

obtained for the progresiion of actians in moking the design. Almost all of the children

in the NM condition used a lineér pragressian, moving fram one end of the work board

To the ather. In contrast to the use of this linear stratagy- in-96.8% of the trials by the. .

NM. childrep, children in the MD conditian used it an 41,6% aof the trials ond children.

inhe ND conditian used it an 9.4% of the Hials, Ng definite age effects were evident .
on these measures, It is clear that thé model's approach to the task was nat used spontanequsly, . -
by the children jn the NM conditian, as well as that the children in the ND conditian were
soaf&e‘whot more strongly influenced by the model's strategy then children in the MD condi- -
tion.- o co - ' .

" Evidence that abservation af the model may have fed the children to understand

the arganization of the'design in a manner somewhat different from-that achieved from_

fust looking ot the finished product (the sample design).can be abtained by exémining :

in detall the kinds of pieces that were grauped by the children Into chunks, In general, \
. pleces that were next to each ather in the design and which were fdentical were

" grouped together most often .. Pieces that were praximal' and differed only in size were
‘grouped together fess frequently, follawed by pieces that differed only in shape. It

- ' oppears that colar was o very salient dimensian for argdnizing the design, in that

\J- pieces differing in colar-were very rarely groupesl'fogeﬂwer. - y
' e ot Table 10 ’i' L . L, .
Average Percentage af Chunks with Distant Pieces Averaged Acrass Trials T
. i . v ] ) . . - .
Conditioni. <~ P, Grade.: . N
) o K .2 ' -6 o -
~*, \ ' . .7 . . &' r
NM 3.8 .37 . .86 .3.7 3
MD | 153 15.3 2.1 473 RS
ND ) 22,1 2427.0 6.1, 30.8
W : . - > . ‘
-
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_ Children in all three conditions chunked the pieces on the basis of proximity
._ and Similarity. However, the children who observed the model making the design also

grouped Into units identical pieces which were.not proximal to each other, It will be
recalled thot the model demonstrated such grouping in butlding yriits'1, 3, and 8 as well
as unlt 6 of the design. Chunking of non~proximal pieces on Trial I.was evident among *
grade 2 children in the MD condition, but onfy among gradé 6 children in the NM

¢ conditon, Asshown In Table JO, the percentage of chunks of 2,pieces or more that
tncluded distant pleces was greatest In the ND condition and quite irifrequent in the
NM_ condition, despite the fact thét the number of pleces chunked Intreased significantly
wil’ﬁnge jn all conditions, - ’ "

) - Discussion o

.
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‘ The results of the presenf study indicate that observation of o model Influences - .
the way children approach and carry-out a complex non-verbal task even when they

have other ways for performing the task successfully, A number of factors were found
to modify the.effects of observing a model - ot

First, Imitation of the model seems to depend on the relatign of the actions
modsled to the task to ke performed. In the present study, in which the child's task was
made clear and imitation was not required in order to succeed at it, very little Imitation
of Incldentel actions was observed at ony wge sfudied, Imitation of incidental behaviors
may peak inthe preschool years, when children may have’ gieater difficulty in determining

s, which of the model's behaviors aré task-relevont and which ate not, In the present ’
context, even the Kindergarten children may hove been oble to see the unimportance of

fnost of the incldental behaviors modeied, .

# =4 ]

Alth3ugh the overall imitation of the model wessignificant, there were some
suggestions In the results that older children were Tess likely o adopt even the task~
relevant, but unessentia] behgviors of the model. Fér example, the use of a contalner
to_transport materials from the supply table to the work table was much more frequent
among Kindergarten children and grdde 2 children than among the older children in
both the MD dnd ND conditions; Therefore, age moy not be relgted to imitation
directly, but only through the child's obility to use the model's actions as a source of

" Information and to sort out the actions thaf are relevont,from thofe that are’not for the
adequate performance of the task.. ‘ L. v

—— LR -~
e e i - mm——

As for the model's.effect on overall.task performance, there were Indications *
that the model's effect was also greatest at ydunger ages.” On several measures,
differences between the groups exposed fo the model and children in the NM condition

. “were gredter at younger oges, Differefices between NM gnd MD conditions in terms of *
the number of errors, the total_time_to perform the. task, the number of checks\to the
_+ , sample design, and the numbgr of steps to perform the task were greater ot Kisdergarten
and grade 2 then ot grades 4 ond 6. It would be possible to inferprét. the model's general
+ @ffect ason Increase in the caré with which the younger children exposed to the model
performed the task: they took longer, checked the sample design mote frequently,
ond ended up with fewer errors. This interpretation is' challenged, however, by other

-
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evldence indlcating l’hol’ the sfrofegy far perfarming fhe task was oFFecfed The differ-.
ences mentianed abave cgn be seen as an autcame af attempts ta adapt the madel's
strategy as well af greater "carefulness". The age effects can be interpreted as due ta
differential success in understanding ond in carrying aut the madel's strategy.

J | N 4

&

That children exposed to the madel oH'empfed ta adapt the model's strategdy in
constructing the design s mast. cleorly shown in their attempts ta deal with the tatal -
design as an arganized whale: to stort building 4t ot the center ta delineate units
within the whale by chunking mare pieces, ta orgomze actians oround‘buﬂdmg fhose
units with fewer pauses in the pracess, ta relate pieces even when they are nat in "

*physical praximity in the design, ond to wark an nan-adjacent portians of the design -’

_ in successtan, Since the models.strategy was quite camplex,. attempts %o adapt it /.

resulted In lawer efficiency at yaunger dggs far children in the MD conditian, The
NM children, parﬂcuroﬂy fram Kindergarfen, made the design one piece at a time, |
going fram 1effl' ta right; erring only when fhey {ast their place in the sample design.
" The MD children were mare variable, soretimes trying ta act like the madel, at ather
. times using the piece-by-piece appraach. In the process, they taak langer, checked
the sample design more while selecting the pieces at the supply table and while canstructing
the design, but made fewer.errars. That the demonstration of a camplex strategy can have
a disarganizing effect an children who find it difficult ta use has been reported recently

" .for.grode 2 ond 6 children gjven four-dimensianal discriminatian learning prablems,

(Richman, 1976). Having abserved a camplex strategy which is nat fully grasped, the
child seems to attempt ta assjmilate it rather than sticking to easier and surer strategles.
In the pracess, the child may perform less well than when using the easier strategy.
Thus, the majar function of observatian may be ta perturb the set of patterns of actian,
to intrqduce variobilify: into behovnor, and thus facilitate the consfruchon of new
appraaches ta tasks,

« :” F 3 A -~
. -~

- The_ distinction between pracess and praduct may be important ta keep in mind, ¢
In terms af Alfard and Rasénthal's (1973) usage, children in the NM canditian were
glven target madeling, i.e., they were shown the praductta be canstructed, but not ’
o speciflic sfrotegy far attaining the product. . When evaluated In terms of o praduct
measure~acturacy af the design canstructed - children in the NM condition differed *
|tttte’ from children in the MD canditian, ,beormg aut Alfard and Rasenthal's finding that
both live modéling and fgr_gei’ modeling are effective. Hawever; when the pracess af
orrivmg at the praduct wds assessed, clear differances were obfomed The fhain -

" gharacteristics of the model's strategy (warking an the design as a whole, grauping
pieces inta .units) were approached anly by the grade 4 children in the NM conditian,
Consequently, In cansidering.the effectiveness of live modeling, target modeling,
madeling with rule pravision; and verbal insfruction alone, it may be important ta

differentiate effects an the abserver's ocfions in arriving at the producf ontlon the

™ nature of the end-produc} & L
-,
B . ’
. In the- pfese"‘i‘}sfudy, "verbal instructians were nat glvgn with respect fo the '
process of design canstsuction, A number of studies recentlyfhave suggested that ’

verbal instruction is as effective as modeling ar that modeHng with'verbal {nstruction
is more effective than modeling alane. The results;reparted here with respect ta age
differences and efficiency ot limited ta the case of madeling withaut verbal instrugtian,




‘ -

. ‘ | 25,

Moreover, a recent stidy by Clarke, Manton, Viney, and Hayes (1975) indlicates that
the effectiveness of m%dell'ng without verbal instruction may depend on the' cultyral

£ N

experience of the chl ‘Involved; children from western cultures seem to be.more -
affected by modeling acedmpanied by ins\“t_[(l_;_,gigén,,buf?que.'lirlg-ubne’moy be equally
effective for children frocka other cyltural‘groups, in whlch‘ﬁé’hoﬁff{dﬂpn rathe? than' verbal

Instruction Is frequently used in soclal Interaction, d

.

Repetition of task performance was included Th this study In order fo'consider the, =~
cumulative effects of observation, Although there were reliable changes with repetition
on practically all measures used, repetition of the %osk\ did not seem to affect chi|dren
exposed to modeling differently than children merely retpeating the task performance, In
this context and with Just three repetitions, modeling did not seem to produce multi=
plicative effects, ) B . 4
" The ND condition was introduced in the expectation that without the sample des}gn
during performance, children. In this condition would be most strongly influenced by the
demonstration. In terms of adopting the model's general strategy (e.g., starting at the
* centet, grouping distant pieces into unlts), they wera. However, the memory demands
of the task ‘were so great, that most measures reflected more the memory aspect of this
condition than-modeling effec{fs. An easler task would-have been preferable, ;.
In summary, the present study suggested that any age trends In Imitation may be o
function of the child's ability to understand the organization of the model's actions and of
the-pertinence of those-actions to the task to-be performed as it Is undersfood by the child,
- Certainly, Imitation of the model can itself be taken as the task by the child,, ar the child
may be specifically Instructed to imitate the modzl:, However, aspects of the model's be=
havior that are seen as irrelevant to the task do hot seem to be Imitated without such ,
© specific instructlon. Moreover, it was suggested that.modeling effects on the process of =«
task perfopmance and on the task product need to be differentiated. -Strong effects on the
process of task performance in terms of strategy adoption'may lead to o product that Is
less matched or less "correct” if the modeled strategy is not fully grasped by the child,
This distinction s particularly applicable to complex, rule=governed tasks. :
N & 1 ’

./ : ; Study {lI* o, _
e ‘Children's Understanding of Sequential Patterris N
Children'sunderstanding of sequentially organized actions has been studied
little. The observatiors made in the previous study indicated that the design
constructionNask Used In‘that study was construed by the children to be organized in
* " much simpler pnits than the ones that the model demonstrated through her actions. The
units formed by the children were largely based on.both proximity dnd Identity of pleces
or, by the older children, on'ldentity except for variation I some ore dimension, More
- ‘complex-rules for organizing units based on serfation, nesting, or finite iteration of a
sub-unit were rarely evident in the children's actions. Even with repeated modeling,
the organizational rules uttlizéd by the model appeared to be too complex. to be readily
“picked up by elementary school"ogizchildren.’ Fu‘r’fhernc\ore, It was not clear to what

L}
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Exteﬁ\t'the presense af the sample désign dyring canstruction induced o capying strategy .
with relionce an the mostsimple rules foi arganizing the canstrustion task. .Cansequently, % :
-t qu\decided that the previously used task was nat suitable for investigating the-kind of -
;  ‘arganizatiopal rules that children dre able to pick aut either fram observing the os:figns

- of ono'\hen_ ar fram being shown the end-praduct to be constructed, - . .

[ ..

-~ 7 | The present study was undertaken with the aim of examining mare closely the -
rules'that children use to organize such graphic moteriol in erder ta find o task mare suitable
-, for the ‘general purposes of this investigation. In occord with thé plon to use @ .non-verbal o

1

"~ %~ task'which cauld be canstrued and corried-aut in several different ways, a version of the

. - - * 2 -
\. serfal pottern coritinuation fask was chasen for this study, <~ -

- .

. A sequence can be sald ta entall o pgmarn in that it con be generated by a .~
systemotic application of o set of rules, Simon ond Katavsky (1963) revived the current v
Interest in the prablem of human obilify to acquire concepts ar.tules for sequential patterns. -
They pointed aut that while the attaipment of most cancepts is measured by ability ta identify
tnstonces of the concept, the Bttoinnfent of the rules for sequential patterns can alsa be
tested by asking subjects ta praduce new instances of the concept by generating the can-
tinuation of the pattern. Their studies have been cancerned with developing o madel for
the kind of pracesses that enable human subjects ta handle sertal patterns so that fram on
example subjects are able ta induce the rules governing a pottern, ta remember them, gnd ~ °
P ta eventually produce the sequencé fram the remembered rules, To test their mo el, Siman
" ond his ca-workers have relied on camputers ond* studies of odult subjects, usinjnosffy the
. English alphabet 0§ the ordered series of elements for their patterns. Besidés Simon and.
" his ca-warkers (e.g. Greeno and Simon, 1974), ather.investigatats hqve alsa pursued the S
+ problem of serial-paftern learning and the cading strategies that may,be-¢ffiployed by human
subjects(Gregg, 1967; Restle, 1970; Vitz and Todd, 1969). I

s
-

. . . ‘]'he serial pattern cantinuation task oppeared oppmpriof:a far the present ihvesti=
«gation far'several reasons.” First, the rules gaverning lthe pattern cauld be yaried in .
difficulty. Secand, these rules cauld be presented tirough the already-canstructed part Lo
~-of_the sequente shown to the subject or demanstrated thraugh the actions of o madel
. constructing the sequence. Third, in extrapolating from the example ond g€RRXyting o
cantinuation of the pattern, the subject wauld demanstrate the rules that have been
ottoined by’ means of praductive actian;~ there wauld be na need far generalization tasks .
to detenniine -the gfjﬁgsifion af a ruleAcf. Zimmermon ond Rasenthal, 1974a).. Finally,
~ with graphlc materid], the rules coujdbe embodied in different dimensians of the elements -
fo see whether such dimensians inflyence the induction of thé rules ond the cantinuation

- . of the pottern, The linear designdsed in the previaus study did not cantain o systematic '’ )
o variotion of the different dimefisians thot could be ‘used for generating unifs (pfaximity, , . .,
color, shope, size, num _and, thus,’ cauld nat be used to determine whether same , . -
" dimensians are mor sily utilized by children thon athers. o

T ‘ #he

. ly study in which the serial pattern caninuation tosk had been used with
children

t could be faund in' the literature wos that by Klahr and Wallace (1970). .

Although in the article 1t wos indicated that several 5-6 year ald children were expased
ta such problems repeatedly in fhe course af a yeor, the dafo presented weré derived from
' ‘ane 6-yeor,ald child. The problems cansisted of series compased of a sihgle geametric

, < »
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. and Mumbayer, 1971), but fhot even chlldren five to

" children are able to Induce different rules for Sontlnuing serlal ‘patterns, To characferize

) ‘building" strategy) would pernjit continuation of the pattern through repetition of the -

- s might be expressed as "Each three piece

. In porticulor dimensions. The literature ofi perceptual salience of various dinfensions

PR . o
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shape hoving a distinguishable orieritation, wlth the poHern rules embodled, in 'the color
dimension and in.. the orlentatton dimension, varied either cohjointly or separately.
Several serles t:ompOSed of whole Integers or letters were also used. It was reported that
children of the age studied were able to handle such problems, but tended to déal with,
only one dimension at a time., M was suggested that transiMon to Plaget's concrete =
ooperational thipking might be required, for the simultaneous hondllng of more thbn one
dimension In Induclng fhe rule for the pattern .+ ) , Sy .

‘,

The present study oimed to defermlne."F"fher with age and cognitive. developmenf

the develdpmentol change, a distinstion was propdsed between concrete rules describing the
example glven and generic rules. Concrete rules (similar to Klohr ond Wallace's "template=
example; generlc rules would 'permit production of new examples fitting the rules. o '
Development was proposed to follow this order:

‘1. There is no induction of rules, “The elements in the. exomplenre _
viewed Indlwduolly rather than In relation to each other. Contlnu~"
ation does not appear to be rule-bound. . ’ )

2. The rule concgining the perlodicity of the sequence]Is grasped, '3.e.,
the example Is viewed as composed of units, However, the specific rules
govetning relations of units to each ofher or oF elements within units are ,
‘not grdsped of utllized. -

~

-

. 3. Non=~generic rules are induced from the example, but the vorl‘bus ) .
‘rules are not coordingted with each other. For example, & stem.con=
. slsting of three-element units,with each unlt composed of differently= -

. shoped pieces with varlatlons in size might produce the-rule "they :
. come in three's, some.are triangles,” some are squares, and some are
circles.” . . " e
Yy 9

~ 4, Non-generic rules afe coordinated with each other or, fhere Is
" evldence for one generic-rule. The gen:éyrule for the above example
it.must be a different shape." - °
. Coordination of two concrei’e rules might be expressed as*One unit
must be triangles, the'next squares, and the next circles; the 'middle
friangle Is small, the middle square is larger, the middle circle is
still“larger."” - 3

e

rules are coordinated, For the same exomple,oifhis might. . =~
sed as "Each three-piece unit Is a different shape and the
lece In each unit gefs.progressively Iorgér.“. s

4

»

S~

Examples allowing for conﬁﬁbohons at ony ‘of the fivedevels ouflmed were

_ selected far study, Moreover, the dimensions of color, form, and size were used to ) \ )
. delineate unlfs and'to code relations between units as well as between élements within .

unlts in order to determine whether the rules were more readily induced when embodled ° .

suggests-that color is more sallentgfor younger éhlldre%fhmf far older ones'(e.g. Odom

. R
even yegars old make fewer i
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errors ‘when form Is the relevant diniension in a concept identification task, Hierarchles
of dimensional sallence have been, found to change-with.development for the dimensiohs
' of form, cplor, number, and position and difensional solience hds been shown to.relate
to performarice of) problem-solving tasks.in"which different dimensions are relevant
{e.g., Odom and Guzman, 1972; Odom ohd Corbin, 1973), In’a recall task, subjects °
from grade 1 ahddWere found to moke fewer errofs when the two Iden}ifying dimensions
. of stimulps cdrds were both highly salient than whien only ohegwass Il the latter case,
" subfects tended-to rely on the ohe highly salient dimension (Odom and ‘Corbtn, 1973). .
Consequently, the dimensions df form, color, ‘and stze were systemdtically varled atross,
tasks in the present study, although thelr {erceptual sallence was not assessed indeperdsfitly .

‘ -
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. " Subjects. A total gf 90 subjects were tested, 18 each ,fer grades }, 3, 5, .
8, and 17, The subecfs wefetbalariced for sex in each grade ond*came from the public
school system of Worcester, /Mdss. An additional six subjects from the first grade and °

* one from the third grade wete tested, but not iﬁ‘clude\c% in the sample, becausé they

fatled to perform od&quofelfy on the preliminary taskslor failed to.complete.all tasks.
r * i~ D b f@, ‘ - =

. Materials. SImpfé'georhefric forms (squares, circles, triangles, diamonds,” .
ellipses, and rectangles) cit from 1/4 in. thick masonite in different.sizes and po'@\?ed
several different colors (red, yellow, blue, orange, brown, green) were used to form the
stems for ferent Ser;‘ol potterns presgiffed to the subjects, The exact description of
the materidls for all fheZosks Is glven™Tn Appendix Table A: 3, ' y :

. °

- Shallow woodep' boxes measuring 1. in. x 13 ln.;ond"confoi'nl_né thrbee‘@eht?ul
size comportments were used to present the materldls for continulngy the sequences to the
subjects; The boxes contalned aff the pleces needed to beild two thore units of the )
potterfi' according to the rulesembodied In the'stem, pleces necessary to repegt the stem-
from the beginning, dn{ﬂ a few additional pleces resembling those'in the stem for alt four
problems in that seriesl The total of 44 pieces were located In no*particular Syder n the
box, but spread-out a§ much as possible to intrease the visibility of iud'l'vguol pleces. -

-A different box was pr[esented to the subject for each serles of tasks, ™
) - 5‘ 5‘ ) AY ) l; '

. la@ PR
. N
spare roo;“i_n their school., An adult fefiale was dlso present-and Fegorded the child’s
“selection of pieces for each task, as well as thestime to compléte each tosk, An exact
. régord of the child's c%fiﬁuoﬂon of the pattern was made. THE festing session Jasted

about 20. minutes. ; . , .

- *  Eoch child was glven three preliminaty tasks to' acquaint him with the type of
task to be presented dnd 16 ensure understanding of the instructions. used., "The-flrst task
cansisted of six browh and orange egudl-sized squares lald ouf in alternation;  the child
was asked "What pif/::e comes next?"and told "Try to continue, the‘pattem, You can use -

 the pie’ées@rw;s box." The next task consisted of red diamonds and triangles alterndting .

by two's, The thid tosk consisted of triplets mode up of yellow squares alternating betweenr...
smaller énd larger#sized pleces between triplets, For both of these. tasks, .the Instructiof
was simply "Try kf continue the pattern.” If on one of the first two tasks d subject chose -

"
4 . ¢ N
- ’ . .
. . 2
N . .

Procedure. | All subjects were fested individually by.a male experimenter In a .




“continfie the poﬂern." ) If a subject still' hed difficulty with the thlrd tcsk khat

"} am go1ng to show you some patterns that might be more tricky" .

twelve subjects. The presentation order of the two sets given to each group of

e
T -~

an lnoppropriote plece, the experimenter temoved the piece and verbally hlghllghted
tha rule for the pattern (e.g., for thevsecord task, E would say "The;re are two

diaronds, two trlongles, two diamonds, one triangle. Whot comes next? Try to.

subiect was not included In the sample for the study. e v
. 'S -0

. .

After successful performance on the prellmlnory tosks, sub[ects were fold -
They were urged
to examine the pattern carefully before constructing. the continuotion and to take as
long as @Ry wanted, They were then shown-thé dlready=constructed stems for eight
putterns, one at a time, and-told "Take a good look and try to%€ontinue the patfern"
after the presentation of each stem, Each contintation consercted by the sub[ect was

accepted, but no feedback or reinforcement wos* . : - '

.Y

3 - .

*  The stems of these sequences conslsted of three 3-plece-umts and the first
plece of the féurth unit., The sequences were divided into three sets according to the
dimension whigh changed between ynits;" there was a color set, a form set, and a size
set, Each set contained four sequentialgpatterns. The first two, patterns exemplified -
the use of a novel value on some dimen?on betweén units Gs well os for one element
within the units, The third pattern exemblifielt on alternation rule for triplets,

“similar to that used in ?’\% of the preliminary tasks. The fourth pattern exembmled the

one djmension between units “4nd a rule for changing the
The stems for the seqUenHol

use of a novel value 0
poslhon of pleces wlthln units (inYersion or rotation).
patterns in all fhree sets are depicjed In Figure 3.

¢ &
The subjects w;e Ppresented with fwg of the three sets of tasks; pllot tesﬂng
suggested thot the younger children would not be oble to complete all three sets in
a single sessjon. Six subjects from eoch grade were given-the color set and the form
set, six others were given the coldr set and the size set, and the remaining six were
given the.form set and the size ‘set of tasks, Thus, eoch type of set was QM

subjects was counterbalanced across subjects in that group.

® -

The children were required to continue each pattefn by .adding five pieces
to the stem, i.e. to complete one unit and to construct another wholé dnit, The
pleces chosen were "recorded as well as the time taken to put down “the first plece
and-to put down all five pieces.” Subjects were permitted to correct themselves, If’
they appeored to be looking for_a plece they could not find, they were oskedehot

. It was ond were glven help in obtommg such a ple\:e. Howevec, this did_not occur
‘very often, _— '
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- ) "~ Table 1 ‘ . _ A
: : Category System Used to Score Pattern' Continuations - WY . -
. 1 . . . Lt oo 5 O , . . ( < «
. Cotegoty 1 Conﬂnboﬂon gives no evidence that the stem was construed -
, ., ds compoSed of distihct units, This leve] includes repe~ v
e, . " tition of the stem. , R
' - ' 'S ot f’ .
L 4 °
. Cotebory 2 _Conhnupﬂon gives evidence that the stem was construed . - - ot
. ‘ o T as cempdsed of units, but the units are other than h’!p'éts AT
_ . , or they do not follow the befween ang within unit rules 2 -
A embedded In the stem. - Co e . S -
Category.3 - Continuation_gives evndence of recognition of Units in the stem
-y o on the dimension of contrast between ‘units, but fo novel” _
' R values of the dimension are used .and no within unit rule lza .
- \ consistently opp"lied .. :
Category 4" Continuation.glves evidence of recogniﬂon of units ond of
o both within and between unit rules, but norre: of them include
- . a novel exempl"ﬂcoﬂon. Ce ’ .
Cofeéory 5 Continuation glves evidenceof the’ recogniﬂon e¥Onits and. -
- - _ of a novel exemplificatidn of elther the between or the withth Lo
' . unit rule, but no evidence for the other rule, o
N » ‘ N . . 1
. v e, . . I3 .
Category 6 Continuatian glves evndence of recognition of units'ahd of '«
' Both within and between unit rules, one of which includes a
novel exemplification. ‘ . P
‘ ) R 4
2 “Category 7 Coritinuation gives evidence of recognition of units and of .
5 . novel exemplification of both within and behfween unit rules. !
Category System. Based on the progression of sfeps outhned in the mfroduchonr
a sevén=level cdtegory system was constructed to evéluate the continuations produced by the
jubjects. This category system Is given in Table 1. The protocols of 15 subjecfs were scored . ‘
R Indepen{ienfly by the two {udges, yielding 98% agreement. The few disagreements were .
resolved through discussion apd the remaining protocols were,scored by only one judge. *
. . L. P . > ‘ oo , ; “‘
;s L
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N Reéulfs '

_ " Prelimingry onolyses were carried out to determine if there were ony.ordér of,,
presentation effects. Due fo the low number of Instances of categories 2 .and 5, categorles

: 2 ond 3 as well ds dategories 4 and 5 were *combined fot these analyses, yieldfﬁg five
cofegories. Twelve chi-squbre analyses were performed (one for each task), with data

. collapsed across grades, to see whether order of presentatioh of the task was associated -

with the catégory devel. No evidence for order effects was obtained and order was not
Included as a’variable in- subsequenf analyses, The resul?s regarding time to complete fhese .
fasks will-not be presenfed singe they did not oppeur mformoHve. _ s ‘

Age Effecfs. To test the hypothesis fhat wifh age there Is an Increasing induction -
of the rules embedded In the pattern's stem as well ‘a5 an ln/creosing ability to apply these _
rules’in continuing fhe pdttern, both parametric dnd non-patamekic dnolyses were carried
ouf on data scored using*he seven-level category systems .
Two 5(grade) x 3 (sef) onolyses of variance werope'rformed fsing each group of

six lndependent-subjects for the three sets.of tasks in each grade (i.e., separate analyses
wetre copducted on the sets administered first and on e sets administered second), The
levels assigned for each task were added for the four tasks in each set to obtain a’subiect s
score for each set,* Grade was faund to_ be & sighificant factor In the'analyses or* the first
grouping of sub]ecfs (F=6.12, df 4, 75, p<.01) s ?“ as-on the second (F = 4,05; df 4, 75,
p<.01). The mean scores fo¥ both groupings are gweg Table 2, There was no significont :
effect for set or for interaction of grade and set.” . . L~

<. e £

Table 2
/

Meon Cofegory Leve| Scores Across’ Tosks for Eoch Grade

First Grouping oE Sub{ecfs g ff-

. Grade ’

: o T3 i 5_'..",8
Color st ; . 9.67 I 8. 67" A 14,50,
. Sizewset, C .77 - 3. . i 13,00
" “Foimset . - g 12.”00 - ll 00 : - 10,83 .

f . ;
Overall - _ 9.61 - 9.8 ;glzi%

o 2‘4
Second Groupmg of SU
‘ =Grade

R . . .‘: ‘ 1 -
. 35 . . 5 ) - . _]

Colorset -« .8.67 - 1.7 - . 867 LY 15.00
Sizeset .-~ 500 . . 7.17 43:33 | . - 11,00 \§§ 10.83°
Form set , . . ' 7070 5. L7933 0 13,33 % 9. 3\/

oo Sy

N 8 ‘:“"'
Overall ., 667 - 8,50 o4 \‘34%@&\2 $33
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. The effect of age was qjso exomlned by"“meons of 12 Kruskol-Wollis analyses
of vorionce conducfed,seporetel.{ for each task wifhm each set, In general, the-finding
. of chonges In’ performance with age was corroborol’ed but there were exceptions. In the
" color set, with colqr“delinegjmg umfs,.thagmcle effect was significant for each task.
- " In the size set, the grade effect was significant for each task with the exception of Task C,
o " the simple alternating poH’em Here, performcmce by younger children was at a htgher
level thunon the other tasks ¢ Fmo“y, in-the form set, the grode effect was not significant
for any of the tasks, Younger subjects performedvot levels comparable to those on the-other
sefs, byt 'the older subjects did not perform as well as on the other sets, mimmlzmg age.

-~

dﬁferences The results of l’hese onolyses are shown in_Table 3."
T - A N .
ro- . i . Tobbe 3’ ’ T o -
Resulfs From KruskoN— - Wallls One-Way Analyses of chonce for Grode Effecl’ -
'Tosk A . - ) n ’ S
Cola%Sel’ L,  H=933 p<o6 - . . S
- Size Jet toe H=11.09 p<.05 T o -7 "-"’ .
Form Set o H=652 NS, '
. . T'os‘k B¢ i . N -
. &% Color Set , H=1009 p<.05 =7 ..
- \  Size Set . H=12.35 _  p<.02
) ’ Form Set H= 6.45 N.S. T, ,
° ~ * . v l ! N
© Task€ .o -
— C{olor Set "H=.1314 . p<.05 T
- s Sf-z: Set . He= 2.79 ‘N.S. N o
¢ .Form Set "H= 5.44 N.S, . -
a  TaskD . . -
".Color Set . T H=18.69 p<.00l
Shze Set H=12.83  p<.02 , \
) Form Set H= 7.3+ N.S. "
e L . .. ' - - - > ¥ .
St Differences. The two analyses of variance for grade and set effects reported
. above did not yleld a significant set effect. The contribution of set to parformonce was
L. “Further.analyzed. by performing 12 chi-square.analyses on each of the possible pairs of scores on
& each task (Task: Aw.Color to Task A Size, Task A Form to Task A'Size, Task A Form to
) Task A Color,’ Task B Color to Task B Size, gte.) for all the independent subjects available
! “foe_each componson across grades. The some collapsed category system was employed as §
thatiused to éxamine order effects. Few set differences were.obtalned. Subjects performed o
'dlfferently on Task B from the colorset than from the.size set ()(2 =$1.25,df 2, p<.01) . .-
- t?rr Task B from, the form set than From the size set (X“=15,34, df 2, p<.001),
L 5fm ily, sublecl’s performed differently on Task D from the color set than from. the size
set (X =7.,57, df 2, p <.03) qnd dlso on Task D from the. form set thon from l'he size set
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(X2 = 8.40, df 2, p<.02)., These dlfferences seemed to be due fa fewer quech scaring

in the middle cofegories when perfarming Tasks B and D “fram the size set. than on the
same tasks from the other sets. With size as the dimensian differentiating units, subjects
elther tepeated the stem or constructed novel units, possibl du} ta the ordered change in ¢,
lee between units employed in the stem (increasing rather thyn non-dlrechoncd) whuch
moy have inhlblfed a non-ordered repehﬂon of units,

- e

Task Djfferehces The vorlohon in performonce due to\lask wag examined by
{ng fram adding the

. -
*  performing a 5(grade) x 4 (task) onolysls of variance an scares resu
category levels obtained by each subtect an each task from the two sedswhich the subject
~ wuos presented, The meon scares for each tosk are shown in Table 4. The grade effect was
slgﬂf‘conf (F=5.17, df 4, 85, p‘< @1) as well as-the task effect (F = 3, 17, df 3, 255,
p<.05). A significant grade by task interaction (F = 2,21, df 12, 255, p <.05) oppeored
. 'to'be dueqo a reduced variability in stores Yor Task C when compared to the other tasks.

Task C, the simple alternating pattern,, did not permit the introductipn of novelty and, thus, -
_‘could not be completed correctly an8 shaw evidence of the use of generic tules. Consequenﬂy,
the scores of the older children on this task did nat differ much from the scares of the children
in grades 3 and 5. In oddition, Task D appeared ta be somewhat harder than Tasks A and 8,
since the scores on this task did nat show as much evidence for the use of generic rules by

subjects in grades 8 and 11 qs did the scores for Tasks A and B, -

-~

- B R

- Table 4 S
Mean Category Level Scores for Each Task in Each Grade
i; . Grade - - .
20 - R
o, 1 3 ' 5 , g8 - 11
. e Task ' : . )
cL, A 3.44 4,33 5,05 6.78. 6.11
B 397 . 4.7 4,44 6.61 6.39
_ C 3.44 RN 4.89° 5.28 5.00
> /D . 2,67 4:61‘ " 5,00 . 6.00, 6.05‘
12 Co. )

J— -

Cochron Q's camputed on category level scores for the four fosks in each set in each
grade basically substantiated the conclysions from the above cmolysls Category‘level 3 was
~— scored significantly more ofen for Task C (alternating pattern) than for the other tasks
\Trom grade 3 an In oll three sets, with the excephon of. the form set in grodes 3and 8.

" h}

The general level of performance on, these tasks can be depicted by showing the
hutmber of subjects who perFormed at a porhculor level on each task from the series fhey
were given first within each grade. Table 5 shaws the number of subjects who at least
picked up the periodicity af the series and confinued the pattern by constructing units -

~gceording to the between unit rule embedded in the stem (cafégory.level 3 or better).
As evident from Table 5, from grade 3 an, ‘ot least two-thirds of the subjects, conhnued Task

~

C apptopnofely . S 5
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Co Table 5
The Numbes of Subjects’ Performing ot Category Level 3 or ngher

. |
d - . “on the Four Tasks from the First Set Administered 1

. 4 a Tosk w _ j

. Grade . A Py o C D )

4 T - 59 . 4 LT 6 3 -
” 3 . 8 ' 10 12 .7 ;
- 5 o 10 13 2. .
" 8 2. . 13 14 14 - 1

B M 1" R N o

. 9 Since the number of subjects is odded across the three kmds of sets, total
’ N possible is 18,

In contrast, such level of pérformance was not reached by on equal proporhon
of subjects in the other fasks even by grede 11, Similarly, the number of subjects who
picked up both the between unit rules ond the within unit rules from the stem ond continued
the patterm so,as to indicate o generic applicotion of ot least one type of rule is shown
. In Table 6. ~No more than a third of the subjegts performed at this level on Tasks A, B of
D (the three tasks where this level of performonce was possible) even by grade_ H

Table 6 ¢ )
The E\Iumber of Sub|ecfs Performing ot Cdtegory Level 6 or Higher

|
|
S
|
1
on Tasks A, B, ond D from the First Set Administered |

‘ ‘ " |

‘. | we
Grode - A 3 . D .
] . P 0 B 0 A
T3 2 3. B :
s s 5 roL 3t
8 . 6 7 ‘ 1
K o 6 7o . 6 i
Tosk C was excluded since.appropriate conhnuohon did not score ot this
level” _ . l
Since‘the number of sub|ecfs is d’dded across' the three kinds of sets, total o ‘

N possible is 18,
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Discussian ;
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.The aifficulf'y that these tasks preiéﬂed ta the subjects was, unexpected,
however, there had been almost na empirical wark dane an serjal pattern dbntinuation .
by children previaus to.this investigatior. The anly guidelines werk the.s udy by
Klahr and Wallace (1970) and the fact that the Stanford-Binet IQ Test incNdes.the
continuation af a simple form alternation as an item at MA six years, Twa squrces for
the difficulty af these tatks may be suggested an @ past<hoc basis: the .materials used
. and the types af rules governing the pattern, _ :

“

« * - T, e ! ’
Geametric shapes were selected as the mgterial jn arder ta minimize the require=
" ment af priar knawledge about the relations beh‘x’:}{é"fe/menfs in the series, Series using -
whole integers rely an the subject's priar knawledge af the number series and sometimes
an the odditive ond multiplicative relations between numbers, Children who afe just
starting schoo! may vory in the extent of su¢h knawledge. The ather saurce of serial
pattegns has been the English alphabet, Agaih, yaung childreh may nat have equal
knawledge of the arder of letters in the alphabet ond may nat be able ta induce arule -,
because of this limttation. The choice af geametric materials in the present study did nat
require any ‘priar krowledge since na inherent relations exist befween them; however,
this character{stic of the materials may have created an‘additional difficulty, in that the , |
* subjects could nat drow on any recdy-made knawledge regarding possible relatians ard
hed to induce the relations fram the information presented in the stem of each pottern, The
abstraction of a relotion may be more difficult than the fecognition of a knawn relation,

" . The difficulty that even Task C posed ta the subjects in this study lends suppart ta this
“cantentian, - According ta the distinction between rule-leaming ond attribute~leamning -
drawn by Hoygood ond Bourne /1965, the tasks used in the present study may be viewed

o as having required Inductian of relevant rules in conjunction with relevant attributes.
. Klahr and Wallace 1970) reported ta have used geometric shapes for ane

* series In their study, but the rules *here applied ta single elements; the problems did ngt
require delineation of units., Far example, if the aufline of a short-necked bottle s
used as an element in a sefies withanerule pertaining ta.the colar af the bottle and the

. ather *a the arientation of the neck, the twa rules may he applied ta each element in
tum ond, in addition, ‘hey can be opplied separgtely. The subjest may determine first
that the next elemen! in the series has ta point dawn (in an up-and-down alternation of

. arientation) and then determine that it has ta be brown fin a brown-yellaw-blue series

" of colars). Klahr and Wallace cammenfed that roordinoi:ion af twa such ruleg was
difficult far the children they tested. In the present study,. at least three sets of relations
had fo be determined and coqrdinoted. The subjects had. to determine the presence of , o
units, then determine the rule conceming change between units fe.g., new calor, for
each unit, new shape for each unit. a largef size. far each unit); and then determine _
the relations between elements within a unit, Tasks A'and B could be more readily
tarried aut by considering the elements singly rother than in relatian Jo each ather;.

+« &, that is, a subject cauld perfarm relotively well by formulating the rule that the middle
element I¢ different from the other twa in farm ar in calar, In contrast. Task D required
. the subject to manipulate a relation betweeri all three elements in.the prior unit in arder
'\ ta determine the ardering of the elefents in the next unit; that is, a subject npt anly
. ?

K




had to form the rule fhot the color of the elements rototes from right to l€ft, but olso
Jo- consider the order of the colors in the prior ynit to determine the exoct position ¢
of the elements in the next. The need to coordinote q greoter number of rufes moy hove

»

been the mojor source of dnff'culty in the present study. v R

Despite the difficulty of the tosks oge diffesences emerged Wlt'h oge, «and
presumobly with cognitive development,, the subjectstwere oble to induce the rules
governing eoch pottern more reodily ond to demonstrote their knowledge of these rules
by constructing o continuotion of the pattern. The oge di /ences were cleore'st on
Tosk A ond B from the color ond size sets, Since the mojor ‘chgnges in the level of
performonce oppeored to take ploce between grodes 1 ond 3 omd ogoin between grades
5ond B, It seemed ‘worthwhile to focus subsequent studies on these periods of tronsition,
The relotively poor performonce of subjects from grode 11 wos surprising. The subjects
from this grode were interviewed following the odministrotion of the fosk< to ask them = .
obout their understonding of the purpose of the tosks ond their ideos obout the rules thot '
were Invojved. The interviews were not especiolly productive in’thot subjects hod N .
consideroble difficulty in explictly verbolmng the rules thot they were using. Hawever,
they did reveol thot o proportion of the subje-ts conctrued the tosk és o speed foskadesplfe
specific instruction to the controry; consequently. they were concerned about putting
down some pieces quickly rother thon spending the time to figure out the rules involved,

In subsequent work, it would be importent to use some meons to increose the motivotion .
of the older subjegs to perform well rother fhon quickly. . - .o o .

The lock of effects’ due to sef were.somewhof surprising. Prior reseorch on
pergeptuol dominance of vorious dimensions suggested that the problems in the form set |
moy be somewhot eosier than those in the other sets. Such wos not the case. Age

-differences were leost opparent in the form set. but they were essentiolly due to the
poorer perforfnonce of older subjects rother thon to better performonce of younger ones.
It may be that the complexity of rules irvolved in these tosks overshodowed ony effects

.due to percgptuol solience of the three dimensions used. .,

.
v

In view of the dge ond tosk effects obtoined, tosks hov?ng. the formot of ) .
Tosks A or B from the color or snze sets seemed to.be #he most oppropnofe for subsequent

sfudles. § * Y- /"
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' Study 1l]
Effects of Modeling on Children's Continuotion of Sequentiol PoHems - -

‘e

In controst to the report by Klohr ond Wolloce 1970), the previous study in
this Investigotion ‘indicoted thot sequentiol potteins which require the roordinotion of
sevefol rules ore difficult for children throughout the elementory school yeors. The results
from the previous study did not provide specific informotion obout the source of the %
difficulty. Broodly speoking. the children moy hove found it difficult to jnduce the rules
for the pottermn from the stem they were provided and” therefore, they moy not hove been
uble to construct o ~ontinuotion of the pottemn o- cording to those rules. On the other

R
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hand, they may have been able ta indu-e the rules, but then have dlmculty coordmoflp(' #
fhem and translating. them into a egntinuatian of the poHem. Oney way af attempting ;

. to delineate the source af the difficulty in these tasks is ta use a madel ta highlight .
the rules involved In the stem. Better perfarmance fallowing abservatian of the model '
wauld suggest that induction of the rules far-the pattern contributes ta the difficulty of

. the tosk. . - o -

N o v 5 § . .

* The sequenﬂol patterns canstructed far this study were similar to fwo af the tasks

. used In the previaus study (Tasks A and B) whic}ﬁwd yielded clearest performance differ-

ences with age. These sequenhol patterns share two charbcteristics with the serial pattern

based on the English alphabet used in the research with adults.(e.g. *Katavsky and Simdn, -

. 1973): (1) they have na unique carrect cantinugtian, although' there may be good con-

sensus In regarding ane of the possible cantthuatians as correct; (2) they can be cantinued

Indefinitely pravided the rules tecycle ance the ||§t of eléments has been exhausted.,

N The patterns selected had o definite "periadicity”, a relatian that repeats at regular intervals_

. ar ls interrupted at regular intervals. Simon and Katavsky have suggested that in trying
ta continue a sequence, subjects first try ta discaver the perladicity in the sequence. o
Mareover, in the tasks used in the present study, the relations of "same" and "different"
ar "next" (in case of.slze) had ta be opplied with réspect ta units in the' sequence ar with
respect ta individual elements within units. The model's activity in canstructing the stem
was designed to highlight bath the periadicity of the sequences and the relation of "different"
between elements in the sequence. Even with adult subjects, there has been little research
an the effect of mode af presentation ar of the length af thestem presented an the coding
of the pattern and the carrectness of its cantinuatian, |t was nat certaln that abservation

*,  aof the construchon aof the stem wauld facilitate cantinlation of the sequences. Hawever,

since the modeling wauld be relevant ta the task, it was thought that it might influence ..
the ‘behaviar of children able ta grasp rules shawn. Since the previaus study had shawn
that the biggest changes in perfarmance ocr.urred betveen grades | and 3 and then between
grades 5 and 8, subjects far this stydy were selected ta represent the periads aof change.
The effect of abserving a model highlight the rules far the sequential patterns was expected
to be greatest for subjects who are beginning ta recagnize the rules invalved an their awn,
In additian, it was expected that changes.in performance fallawing abservatian of @ madel
wauld toke the. farm of the inductian of an additional rule ar the caardination of ane rule .
with anather; cansequently, it was expecfed that they wauld result s eantinuatians ot a

- higher category-level. - . :

~ - Methad ;. N 3 : (

» .

* Subjects. Ninefy.chlldren attending_grades 2, 5 and 8 in the Warcester,» ' 7
Mass. pUB'lC schoals were tested. Thirty children, equally divided between boys and
girls, were drawn fram each grade and rondom'y assigned to either a contral candition,
arane of twa madeling canditians. ) - : -

. . . . . . /.
Matetlals. Geametric shapes cut aut fram 1/4 in. masanite and painted various
" colars were used ta consfruct the sequential patterns. -~ ¢

‘a \

, Eight dlffereht sequences were' used.: The stem far each sequence was made up .
/ of 10 pieces dnd the subjert was requnred ta place 5 mare pieces as a continuatian. -

: . .
K < N . . N ¥ ’
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All the sequenres had a periodlg,‘,t.y of 3. indicated by a change in the color of the
elements (analogous to the color sefl®s in the previous study). Thus, the stem consisted of 3 .

unlts and the first element of the fourth nit; the subject was required.to complete the
fourth unit and construct a fifth unit for each tosk. The' stems forthe elght tasks are depicted.
_in Figure 4, ‘ _ . N *t
" Four of these tasks will be referred to as color=shape tasks. In these tasks, .the . :

color of the elements was constant within each triplet, but changed between frrplefs.
The basic form of the elements was the same throughout the sequence, except that one’
element within each triplet ‘elther the middle or_the last gne) difféfed in shape from the others
and also from oll previous different=-shdpe elements. These tasks can be viewed os requiring
“the subject to find the periodicity in the sequence and then o Gpply the relations of "same"
and "different" to the dimension of color and also to coordinate the relations of "same",

" “different", and "predecessor with respect: tofhe dimension of shape, =~ ° ' ..

v

"The other four tosks will be referred to as color-size tasks. Their periodicity
“was also sigialed by a change in color, however, the one element wifhin each triplet”
which differed from theothers differed in size rathe? than shape. The change in size
" for the different element occurred in an increasing or decreasing fashion throughout the
sequence. [t was thought that the color=size tasks might be somewhat more difficult than the
color-shape taskg.in that the subjects would not only have to note a change in size, buf alsa
" o order the successive ‘changes occmdm@&o magnitude,

The pleces pertinent to each task were locofed ina seporofe shallow conhtainer
in which they wete spfeadzout and semi-sorted. Each'box contained two sets of pieces .
hecessary for ronsfruohng the stem, the pieces necessary to conhnue the pottern, and <
about 10 gdditionol pieces to permrf ‘several lower-level cdntinuations of the pattemn, or
a total of dbout 35 preces. If during "l‘e'sn»g/v:g-‘e .child appeared to be searching for o
particular piece not in the ccmfomer, the exdfiner questioned the chrld and provided it.
IS > .
Procedure., A“ children were fesfeailndrvrduoﬂy ina seporofe room in Hre?r : T
school, An adult male served as experrmenfer and os model in the modeling conditions,
He was seated next to the child, facing a wooden, boord on which the pattern was to be °
bullt and the contginer with the pieces for that r051< " Another experimentet was alsg
preseit to record the sub1ecf s behavior during task performance and the continuation
sonstruction for each task’. The time taken to construct the continuation was also noted,
but the timing was done less consprcuously than in the previous sfudy Two preliminary
tasks were given, similar fo the ones used+in the previous study. One of the tasks presented
\ ditemation of one form by color and the other alternation of same~¢olor triplets by form. -,
These tasks were used to make sure that all’subjects understood +he instruction to "continue
the pattem". No subject had to be eliminaled from the somple for inability to carry out
- the prelimmory tasks. ¢ - o ,"

-
L) o »l

Children 6ssrgned to the Control condition (C) were then shown the olreody )
_consfrucfed stem for each of the eight tasks in turn ohd were simply asked:to "continue.
the pattem" using the pieces available in the contajner for each task. The order of the
tasks was counterbalanced, except thof the color-shope and the colay-size tasks ‘were
presented In pairs. ’ .

¢
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Children assigned to the Medeling Control condition (MC) saw the experimenter
cohstruct the stem for each tasksby putting down the pieces one.at a time slowly and *
deliberately, ot an even pace. The model stood while butlding the stem and from time to  _
tHme whistled, These behaviors were considered fo be irtelevant to the task. Once the stem -
was bullt, the subject was asked to continue the patterri, The procedure was ldertical to »
the C conditian In other respects. _ C - : ' ’

by

~

_ The Relevant Modeling condition (RM) was designed to highlight the basic rules
for each pattern. The model put the pleces down in three's in order to highlight the
perfodiclty of the'sequence.’ First, three pieces identical In color, form, and size were -
put down, then one of them woiexchonged for a piece differing.in form or in stze, depending
on.the sequence, This procedure was expected to_highlight the dimensions defihing constanty
ond change. for each®equence. In other respects, the model's behavior was identical to the
MC condition. Once the stgm was built. the subject was asked to continue the sequence

" Just as in the other conditions. L .
S , - - e . “a- \; .
. . The continuationi constructed by the subjects were stored using the seven-level
_category system devised in the previous stydy (see Study II, Table 1). Scoring of a sub-somye
of protocols by two judges Independently showed 96% ogfeemggﬂ in applying these categorl

’\ T - ) Results . -
! ° L] .

' Non-porome?r.!Jsfuﬁsﬁccﬂ analyses were applied to data consisting of the category  °
\level scores for the continyations constructed by the subjects, Wilcoxon's Mdtched-Pairs
. - .Stgned-Ranks Test was used]to examine performance di\{er'entes betweerr tasks. The only -
" “=significant difference obtgfned was between Task 3 from the color=shape part and-Task 3
from the coloi-slze part %ithin grade 2 of the MC condition f p = .02). It was decided.
that performance on the eight different tasks was sufficlently comparable to warrant the
assignment of a single level scare to each subject across all tasks. I

L3

Ed

N . R -~ >
Differences In the level of petformance between the first four tasks administered
~ ond the lost four tasks was also evaluafed by the Wilcoxon test, A significant increase-
/1 p=.02) ih the level scofe from the first four tasks to the laskfour tasks was obtalned
* for the grade 8.subjects in the C condition. No other significant differences were obtained.
Consequently, each subject was assigned a single level score for all eight tasks Irrespective
- of their order.- In most cases, this score was the category level assigned to performance
* on. four ormore tasks. In the few instances where the level scores were more varied, the
subject.was assigned to that level which was manifest in the majorlfy of hjs performanéés.
For example, with threk tasks ot level 4, two af level 6,.and three at level.7, the subject .

) woduld be assigned the level score’of 6, since tasks performe level 7 include the rules
evideni-at level 6, The distribution of the leve! scores obtained by subjects in each con~ - "
_ditlon within each grade is presented in Table 1. T L T T
. ' . . -

. * Kruskal=Wallls analysls of variance rondUéted on results within each condition
Indicated a significant grade effect in the C coﬁrgﬂﬁon (H=10.82, df =2, p<.01)and .
also assignificant grade effect in the MC conditian (H = 8.06, df=2, p <.02). The :
‘grade effect in the RM gondifion was not significant presumd J¥ due to the higher-level -

_ scores obtained by grade 2 subjects in this €ondition., ' ' ' ' Lo
o Lo . f ‘
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* The. Number of Subjects Scorfng at Each Category Level Wiﬂﬁ Each andifioﬁ-‘

e . ,
’ o _ "Table 1 .
* . Grade 2
Conditian ' 1 2_. 3
c g 2 -
MC T3 1 o,
S/ RM 1 1 1
| Grade 5 .
: Condition i 2 3
C 1 o 0
MC 1 o 0
’M 2 0 .0

" Grade 8 - T _ I

\

Category Level

s N 5 6 7
2.7 01 0
0o - 0. .6 S0 vy
0 1 4 ~=—gr o
" .Cofegory'Léver ) e '
e s 6 7
A A
" 2 5 1 ,
o — 1 4 4

«Cafegory Level

A

‘ _Indicating that rule~highlighting modeling, was effectivise. L,

~ in the R

" ;Co'ﬁdiﬂon/l s U"'? 94““ 5€“ 2 ‘ 6 o, 7
= ¢ 1 7o 0 4 0. ,2° 6
o MC 00 L0, - w0 36
RM PR R 1§ 12 5
» > & " - - ? . ”
.“\ . ’ T2 N . ‘;,;' o * _.;::?9 R

Pl ¢ [

nce in the RM ‘condition was found-torbe signi~

in"the & cond[¥for (Kruskal-Walis, p <,05), .

A

‘Wtthin g;rgde 2, level of perfor
. ficantly higher,than level of performanc

N LA ¥

-~ The model's Influente was evident in other gspects' 6f the ‘sbbiec}s',_ﬁghhv?pr o
during performance. Whistling ond standing during work.onsthe pdttern were“tonceived
t6'be behaviors Irrelevant to the task, The whistling was gdme by only one grade 5 child”
condition. Standing was much more frequently copled!, possibly bacayse it

was sonfewhat-HeTpful to the younger children in attending to the whole, dgtign. <A more
" relevant aspect of the model's behavior in the RM conditien,was the builfiirig of each unit.

Identical pleces, followed by the exchange of one plece for a diffgrent plece. Some . ..
subj mitpted these dctlons; others engaged In a related atfion whegeby they first ploced,

the two 1deftical pleces, keeping a’¥pace for the different plece, gnd then 1nserted the -

T~ s » v

-

different piece. These data are presehted in Table 2, -

¥ —
.4 s

. '

scare, the color-shape tasks were found to be no easler than the color~size tasks. ..

’ » .
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* Finally, the time taken to complete the tasks was examined.” In terms of the levell - -
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‘ B Table 2 ) .
Meoh FreqUency of Imifohon of-Three Aspecfs of fhe Mpdel s Performonce .
\ \ . R e S .
Sfondlng During Work on fhe Pattern N I T W _
o - « ¢+ Condition - - v i
. Grade | " TRM Mc .. "¢ —
2 20 IR Y- A S IV R e
5 3.1 5.5. 4
) 8"’ TS 0 0 ‘
L3 - P ;
Exchpng}ng Different Plece 0
C Condlﬂon .
Grade - RM - iMC ¢ -
2 -T2 0o— .
5 ‘ .]\ [ S .1 e ’ ) *
: 8 3.1 0 . . N
. ‘ i ' L 4 PN T, : .
o xserﬂng Different Plece ' . A
- ' Condition . ' -
"o Grade *° "M . MC : R -
2 -, o 1.6' 0 Co B \
5. 1.2 .3 - ' ) '
, . \
I 6

A 3 (grade) x 2 (type of fosk) analysis of variance on the time measure showed

" that ot all yrodes children ook longer to complete the color-size tasks than,thg, color-

shape tasks (F.= 4,47, df 1, 117, p<.,05), There was also a significant grod\rﬁffecf

"~ (F=10,03, df 2, \17 p< 01), with the older children taking significontly Tess time .

to comp'efe bofh the color-shope tasks:(F = 8, 26, df 2, 11, p<,01) and the. color-size
tasks (F = 5,34, df 2, 111, p<.01), There was no grode by type of task Interaction,
These results are presenfed in Toble 3, There was no significant condition effect

(F <1 00) in time to construct the continuations in ahy of the tasks., =

o Dlscussion

T 5

s : . A ' . s '
The results obtained in this study suggest that modeling which’ highlights the
tules goverhing the pattems for fhes equences may affect the behayior of some children
(grede 2 childén In this study), né'subject in the C condition picked up, the rule
pertaining to novelty (each exempliﬂrohon different from al predecessors on the dihendich
of contrast) with respect to at least one feumre of the poffem while 7 out of lO children

In'the RM’ condition did so. T S o h




A » TYabled . s : .
Mean-Time, In-Seconds to Complete the Sequence§ - :
. ) .

) C.c?Tor‘-Shop%gTofks Grade (' - ) P
:  Conditon . 2 5 g T
‘ RM 0 ™ .166.5 9»141.0 ’ 136.5. ool
o MC . " 153,00 153.5 O 105.5 .
. *C, led,2 . 1697 - 118.2 o
. \ Color-Size Tosk& 4 ‘ . - )
‘. ) \ | " " | Grd& ’ . ¢ ’ .
v : Condition 2 o | 5 8 N
. RM 170,0 "163.5 140,45
. | Mc 1810 193.0 1105 L
e aess 175.0. 120.5 ‘

N . L N -

However, oh almost equol numbet of subjects in the MC condltion also picked up the rule
pertaining to riovelty, It could be argued that the model's actions th building the stem
. fot each sequence were sufficlent fo focus the child's attention on the pattern and,
N consequeiitly, the chiid coild more eosily induce, the rules Involved, The results
obtained do not permit on unequivocal Interpretation of the modeling effect elther

i terms of information pertoining to the rules fholved or In terms of greater attegtion | -

ft

to the task,-which In ttself might facilitate rule induction, .

. ) . Two aspects of the firidings suggest that modeling may have oc&:mpﬁshe‘d more
o than just Increase the child's attentlori to the task, First, the conditions did not diffet
N with respect fo W Hme taken to construct the continuations, At least whife constructing .
. their continuations, children In the RM and\MC tonditions were no more delibergte and
, reflective than children in the C Tondition. 'Second, there was evidence that children
« _+  inthe RM condition imitated certain ospects of the model’s strategy- with respect to the. >
within=unit rules (exchanges and insertions of pleces), Imitation of this strategy moy
have facilitated conception of the ruley as generic.. - . R 3 -

iy !

P
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 “The lack of & modeling effect in the higher grodes wos essentially due to a

.3 cellingeffect; that ls, subjects In all conditions scored at the two highest levels on the -
' tasks used In the present study. In comparison to the previous study, subjeots in the present
study seemed to find thgse tasks easler, Two factors may account for this discrepancys =

" First, subjects in this study come from g somewhat higher soclo-economic background than -

did subjects in'the previous study, . In one study In which somewhot similar sequences made )

" up of circles, squares, triongles ond E:‘rosses as elements were presented to 10 1/2 year = -
old students for extrapolotion (Engemonn, 1974), it.was found thot scores on a, traditionol

Intelligence test correloted with odoptionofomore sophisticated strotegy for eétrdpoloﬂng

. N % - ~
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.%SUC}\' sequences, |t might be that thémamples of children in Studles-ttaiid tofthis.. . ..
investigation differed in tntellectual level, Second, becduse only ohe basic task type
was used In this study, each child was exposed to several repetitions of essentially the -
same task, Since no difference in the level of performarice between the first half gnd
the second half of the sessfort was obtained, a simple learning effect does not seém to

»

[

5

v . be implicated. However, the essential similarlty of the tasks may. have hejped the

>

8

N,

© . .considered centrgl to this perfvd,

" children to focus In on picking up the rules involved.

e, Finally, it was thought that o more detatled category sysfe[n"m“f,‘@\f be more

~ sensltive to performance differences, Priot to an bttempt to replicate the findings of this -
study, the patterh continoations obtained here were used to generate o 14-level cdtegory

r

_ system, Application of this category system did not alter the results, but allowed somewhat
» N ',‘ép’/ .
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,greok‘aﬁdlfferehﬂo}ion of performance at'the higher {evels,

(NN

_—

A

‘ © Sfudy IV
Relationship of Cognitive Abllities to Children's Continuation of Sequential Patterns

Since the sequence continuation tasks require-processing &f, information dirac'tjy_’
pertinent to each task as well as rule conceptualization, 1t seems-likely thakperformance
én these tasks would be reluted to cognitive development. The results obtained in Study Il -

~ Indlcated that changes In the level of children's continuations of sequential patterns

° occurred between grades 1 and 3 dnd then again between grades 5 and 8. It seemed of
Interest to relate the level of sequence continuations to performance on several cognitive
fasks topping concrete operational reasoning, The specific tasks chogen were thought to
assess abilities that might be considered fa-be involved-also in abstracting the rules '
goverting.such patterns,~ Moreover, since the ages of the children in these grodes
corresponded roughly to the appearance of concrete operational reasoning and the consoli-
datlon of such reasoning, cognitive tasks selected were bnes that Plaget and his corworfc‘ers

N
H -

% R ' 2
' "The cognitive dsks useld Included o classitersection task, a myltiplicative -
- classtfication ta and a\wlltiple seriation task (Inhelder and Plaget, 1964), The class
_ Intersectian task reguires the subject to coordinate two Separaté progressions and to select
an object for ¢hée$1fefsécfion havifg apprapriate cHaracteristics for both progressions, .
Such ability was thought to be related to that needed to coordinate the petiodicity of the
sequences marked by chunges on the difenston indicating the units of the sequence with
the constancies acrass ufilts. The multiple cléssification task uses two dimensions for
ordering the ttems ond treats each exemplification as representing values on both dimen-
., slons, When presented in the form of a'matrix, this task 1s facilitated by the perceptual
<" flt of the correct element, It was thought that abilities tapped by the mulfiplicative
= classificatlan task were related to the coordinations needed In the application of the
within=unit rules in_the sequence continuation tasks. *he multiple serfation task regulres |
the establishment of transitive relations along two dimensions and the cobrdinated ordering

of these-relatlons. It was thought that this ability-might be related to the systematic ordering _

- of changes in the varleble: pléces across units, particulorly in the color=size tasks, The ’
appearance of the four loglcal groypings associated vzi,fb simple and myltiplicative |
o e, ‘ ) . -

—— - —— -~
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- closs!ﬂcoﬂon and ¥imple and mulﬂple serioﬂon mark the dtfoinmenf of concrete opera-
tional reasonings Although simple serlation ‘and class-incluslan tasks havé been used In
numerous studies af children's cagnitive develapment, there hayd beeri relatively few’studies

concemed with multiplicative clossificatian and multiple,sertation tasks and even thase wete not .~

particuldrly. concerned with replicating Piaget's pracedures (e.g. Mackdy, Fraser and Ross, 1970),
in fhe present study, Inhelder and Plogef s (1964) procedures were fallawed,

e In bddmon, the sequential pattern tdsk with geamefric még;ls u‘escribed by
Klahr and Wallace (1970) was included. in order to be able ta campare the'perfarmance
of subiecfs on thelr tdsk.with that on- fhe types af tasks used In: the presenf invesﬂgoﬂon.

'’ &

Since fhe modellng gffecf was obtolned anly far grade 2 subiects tn the previous
study, the presgnt study glso tried ta rep“cul'e Phe madeling effet:t Ofly the madeling
procedure that hatl a gignificant effect on_performance was included, Itdvas expected
that differences in perfarmance an the cagnitive tasks wauld be related ta the level of - _—
cantinuatians of sequential patterns and passibly ta the degree of facllitation derlved from

@,observing a model highlight the rules of the pottems. C.
s, . ™ S ¢
. .o Mefhod ' T e
. ’ ~ ﬁ . w o - Y l‘.
Subieéfs.' The children were drawn fram the same schaals that hodyé&rﬂ&boted
tn the previaus study, except that grade 3‘subjects were drawn, fram anather* comparable
school, because they wauld have been the same children’ wha porﬂmpofed in the previaus -

L -&de .as grade 2 subjects, A tatal of 112 children participated in this study, Twenty=

4

‘ .depicted In Figure 5, * . - . ~

4

a children fram grade enty children from grade'2; thirty children from grode 3,4"
thirty.chdren fram groda/Sbﬁo%rd ten subjects from grode 8 were tested an the séquence
cantinuation tasks® In each grade, the children were randamly assigned to ane of twa
conditions, Nineteen odditianal subjects were appraached (10 from grade 1, 4 fram

grode 2, omd 5 ftom grade 3), but nat included fn the sample; becausé af Foilure to complefe,
the prelimlnory tosks._ Only grade 3 ond grode 5 subiects were glven the cognlﬂve tasks.,

) v
Materlals, Far the seqqence conhnucﬂon tosks, fhe same moferfhls were Used .

" as In the previous study, S e .. R

« For the cognéhve tosks, the de;tgns were drown an heovy constructian paper- In,
. calored pencll, The cholces far the twa classificatian tasks were drawn an 3 In, x 3 In, -
cords, The serfation stimull were also drawn an the samersize capdsy ~ | ° #
- S~
Jn the se\quence continuation tasks madeled affer Klahs ond Wallace (1970), the
child wosMMedwlfh fhe stem drawn or-a-strip af canstructian’ paper and was asked
ta draw in the plece that Came next in’ f?e sequence. The sters for fhese seqpences are

N =]
r - * . — [ S |

Y

- Pracedure. * All the subiec.fs were tested In a spare raam in their schoal, Far . -
. the sequence cantinuatian tasks, the pracedure was jdentical ta that used In the previaus
study, except that o different adult male served us the experimenter-made! and that

LR

anly the C and RM conditians were emplayed., : S »

»
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, About o monfh follawing the odr’mnistrohon of the sequence continuation tasks, .
subiech in grodes J ond 5 were glven the cagnitive ‘tasks ima second session, Twa

~ subjects from grade 3 had maved and were nat included tr the sombie. The five sequence _
continuaton tasks modeled after Klahr and Watlace were presented first, [n all these tasks,

" colar end arlentatian were the twa dimensions relevant for the pattems ond varied, indepen-
dently, The arlentation of the sharply-painted triangles altemoted direction, while
color repeated every third element, With the exception of ane task. The subject was shown
. the stem of each pattem in tum ofid asked ta "drow whot comes.next" after taking o good
look at the pattern, Five colared pencifs were modé avaidable and the child was asked ta

;,,N’use “the calar which he fhoughf was bes . W oo

>

: I
Thiee multiplicative classificgtion tasks were" presenfed next, For each task, a

fm"’-faald..mt:frlx was presented already drown with the bottam right cell empty, The subject

: was#hown 8 cholce ‘cards from, which ta select.ane fér the empty cell. The Instructions
were "to find the picture that goes witht ‘ather three"s The subject was told that the
_pleture selected has to fit both Wth the pfctures in tye top ray and with the one an the °

feft and wos enccbroged ta try all eight“in the space avBilable befare gnnouncing his.

: 2 releyent dimensions were size end calar far all three tdsks.. Fhey were
modeled offer matrix ¥ 9 from Inhelder and Piaget (1964, p. 161) except that the specific
stimull pcrfroyed were geometric shapesIn the first task, fishes and turtles in the second
task,. ond fruits in the third, Performence was coded int terms of the choice mode by the
sub[ecf No fustificatian far the choice was %equned

.
N -

¥ Three glass Intersection problems were presented next . For these prablems, four
Insfmces‘o% tlass were portrayed and the subject was asked to select a picture
from em aripy of 8 cholce cards that wauld best fit with both pragressians, The subjects
were encoyrdgsd-to l’F)Toll 8 cords before making'thelr final decision., The correct .
cholce required a coordination’ af the dimensians ef form ond colar, since in all three
tasks ane of the progressions consisted af items identical in colar but varying in form and
the other progression consisted of Ttéms identical in form but varying in cplar,: Two of _
* the taks used geometric shopes as stimuli’ond the third depicted common oblecfs. '

. The multiple sarlonon task eonsisted of a 5 x 5 momx with the’ dimensions of s:ze>
and shud!ng varied using circles os stimull. All 24 cords were spread aut in front af the
subject in on unargonized way ond the child was instructed "to arvange them i m the best
way you think they @:ld ga.” If ynseriated classes were farmed, the child wos asked

to gprange the cards\dfferenfly. If stifl na dauble serfafian was praduced, the experimenter
ser!ated the largest ciryles in/g row occarding ta shade, The child wos then mshucted to
Marronge what goes underedth, ' 1f agoin na dauble serlatjah was produged the experi-
menter serlated the column aof the darkest circles accordin tp size, The child was dqked
Q‘orronrge the remomfng cards, « The orrongemenf mode by the child ofter e0ch prampt
was-recarded , / ,

. The expciided cofegory sysfem devised from rhe data of the prevlous study was
used to score the sequence confinuohons The .categary system i¢ given in Table Y

1 v




- Category 1
. _CdeéoryZ

Category 3

.3 - PREEIEN

B o
.

. .Calegory 4

Category 5

Y’ Cgfegofy )

Category 7

Cotegary 8

Category 9

“Category 10

N

Category 1]

~

Fl .

Coie'gory 12
"

Fd

Category 13

L

Category 14

Fourteen-level €ategory System for Scoring Sequence Continuations

i

© Toble! -

-
Continuation daes not. Incorporate. the 134 plece of the stem,

suggesting no recognition of units. withip the stem, Use of o
ﬁg strategy was Included here, -

v

Mlnlmol recognition of gattent Indicated by the application of &
‘"same-~different” rule; this rule is not applied cons[sfenfly throGgh="
out the continuation to the same dimensions of the pieces, ond does
not result in the consh'ucﬂon of tiplets,

Continuation shows no rec'ogniﬂon of'p%m[ e

Same os Cofegory 3, excepf that the ' scme~d"ffereni' rule 1s applied
connsfenfly to the same dimensjon., S

Conflnuoﬂon shows evidence of recognmoh of periodlcliy in terms-
.of fnplefs on some one dimension._

Contlhuatien shows evidence of recognition of gerlodicity In
terms of two dimensions, but na consistent within unit rule is evldenf

Sx.':me as Category 6 above, excepf that o non -spec!ﬁc rule c6n-
cerning within-unit cﬁcnge is also manifest in the continuation, -

Conﬂnuohon shows ewden;e of the correct grasp of between’ wilt’ ,
rules-of the pattem, excepf for nove| exemplification., A non-
;peciﬁc rule concerning within unit chaige is mcmfesf

Conffnuation shows grosp of coffect between-unit rules, except

", for novel exemphﬁcohon Within~-unit chonge is incorrectly -

specified. :

Contiruation shows grasp bf carrect between=unit rules, except -
for. novel exemplification. Specific within—pnit chenge rules '
W

are evident, except for qovel exemplification,

There {5 evidence For correct between-unit rules which include
novel exemplificotion. A non-specific rule coneming within-unit

« chonge is menifest,

. A - . .
éSome os Categoty. 11 above. except thét within-unit chenge Is . y

mcorrectly specified.

" Same aos Category 11 obove, except that specific within -maf chahige

rules are evident, but without novel exemplff'cofum .

Conhnuohon gives evidence of correct novel exemplif'cofion of
both between ond within-unit rules. . i

. -

e




The results with respect to the effest of modeling on the level ASF seqt;ence

~—

* S
E esulds

continudtions essentially replicoted the previous study, The level scores combined otross

+asks for subjects in the C condition ond in the RM condition were campored within eoch -
grade using the Mann-Whimey test, Ng significont condttion effects w‘é:e obtoined for ‘
grades 1 qnd 2, Subjects in the RM condition ottoined significontly higher level scores

In grode 3 (U= 54,5, p.= ,02) ond in giode 5 (U= 27, p = ,002), In grade 8, the ‘con-
dition effect was not sign{ficant, The level scores uttoined in the two conditions ore

given In Table 2: - The finding of o significont modeling éffect in higher grades than in the
~%.  previous study waes thought to be due to the time in the acodemic yeor when the twq studies
were conducted, Ths previous'study wos conducted late ir the ocodemic year, so that the
grade 2 subjects had olmast completed work in thot grode, In contrast, this replication
. *study was conducted in the beginring of the school yeor, so that children in grode 3
were just storting work for thot grode. Moreover, the lack of o significant modeling

effect in grode 2 wos partly due to the smoll N, When ’dofuv for grode 2 subjects fronf

both studies were combined (N = 20 in eoch condftion)

obtalned (U = 117, g\ 080 3

Toble-2 4

The Distribution of Level Sgores Attoined by Subjects in the Two Conditions

Condition 1-4 5-¢ - 10

¢
RM

RM

RM

RM

- RM

Grode -
\]f
. .
~
-
., 2
L3
3
= <
-
- N
S
- S
r
Al
A}
- 8
- *
*
;
fv- -

»
+

8”2*0‘_']. 0

5 3% 0 2 .0
6 3. -0 L0 ’
4 12 3 o0
7 P 3. Q. ,
I 1 S 6 2!
5 1 6 2 1 . -
o 0 1 -

4\
0 "0 0 2 SRR
0o . 1 -0 2z 2

» o significont modeling effect wos

~
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T Comporison of the four color-shope tasks with fhe four colof-slze tasks Indicated,
~~ that subjects 'In grode 3 attalned slightly higher scores on the color=size tasks. However,
performance of subjects in the RM and C conditions differed sigmflccnfly on,»bojh fypes of

o fasks taken separotely, B , .
There were cfeor changes in performance of the sequence continuation tasks e
with pge, Kruskql-Wallls analysis of variance showed a significant grade effect In both B
the C (H=-27.5, df 4,'p <:001) and the RM condition (H = 27.0, df 4, p<.001), However, - |
comparisons of od(ocenf grades indicated that the significont chunge in level of performance |
occurred Between grades 5 and 8 in the C condition ond befween grades 3 ond 5 n, the .’ |
RM gondition, This finding supports the_ previgus conclusion that observation of the'madel |
« constructing the stem for each poﬂem Increoges the Frequency of hlgher~|eve| continua~ |

» tions among younger subjects. .- b
v A4 ¥
A i - Toble '3 T '
The Number of Sub1ecfs who Correctl inued the Klahr and Wollace Sequences
: - Number of sequences continued correcty : ‘

Grode - N o 1 2 . 3 4 5

3 2809 5 1 2 10

- 5 30 1 8 3. 4 3 K
] . S | 3@.» ) o . .

o

. ,
The level of performance on the cognitive tosks was generally low far both grade
o .3 ond grade 5 subjects. Even on the Klahr and Wollace sequence continuation problems; ..
7 - thedegree of success was |ow olfhough grade 5 subjects did better than grade 3'subjects,
. - -as shown in Table 3. The incorrect continuotions were genero“y due to failure to co-
- - ordinate the two dlmenslons of change; .subjects either drew in ‘the coirect ortentatian or
o the correct color, but not both. Jhere was no clear’ evidetice thgt either dimension was
, _more s8llent from the incorrect continuations.. There was also no difference In performcmce
‘ between subjects In the two modeling conditions on fhese probfems .

[ ~ .

. . / . L
R ' Table 4 g
The Numl:er of Sub]ecfs who Correctly Solved the Multipligative Clossﬁ'icohon Problems

.

Number of problems correct

o Gade N 0 . 1 2 . 3 *

o © a3 8 17 5 4. Lz

- s PR 7. 3. '/
- - On the multiplicative C‘OSSPFICOfI0;1 problem; (mofrtces) about half of the

subjects foiled to make even,one correct selection, as shown in Tobje 4, Grade 5 subjects

_ did somewhat’better then grode 3 subjects, _ ohhough the errors mode seemed to be similar

'~ " in both'grades, Some 5ubiecl’s adopted a strotegy of selecting o picture that matched one ",

. of the three alreody given i the matrix. . Those suhLecfs who offempfed to coor,dlnofe more
than one dimension,. made two types of errors, They either Focussed in on one of | the pictures

¢ . - S R R i

- S~
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in the mofrﬁx tnd changed it in only one dlmens!on keeping the two other d?mensions
canstont,. or, they selected to fill the empty cell by selecting .o picture thot motched
the top object In some one dimension ond the |ef|’ bottom object in another without

-«

considering the motrix os o whole, s .

L L3
»

Toble 5 —
The Number of Subjects who Correctly Solved the Closs lnrersecﬂon Problems_

R  Grade N0 e 3
' ’ 3 ,28. 14 5 5
5 12

5 30 10 3
& . .

-
LY

k

Ovenoll fheﬁérformonce on closs mfersgcnon problems wos quite similar to thot
op the mulhplicohve clossificotion problems, os shown in Toble 5. There wos no good* /)
relgﬂonsh!p between performance.in the two clossifi cotion tosks, however, except thot

loss Intersection oppeored to be  ochieyed somewhot prior to multiplicotive clossificotion. -
No subject who succeeded on ol thiee itiplicotive clossficotion tosks*folled oll closs
intetsection problems, “olthough there’ were some instances of the reverse. The errges
. mode ‘on. the closs intersection problems were somewhot different in the two grode In
grode 3, sub|ec§ tended to select o picture motching one of fhosiodpcenf to the -
empty cell In grode 5, subjects tended to be correct on one of the dlmen5|ons, but
copy the other from one of the two progressions; -
I - " ) Tob|e6 N & "L oe
' The Number of Subjects Forming o Double~Seriotion Mofrix Af lejerenf Prompl’s
.
v Spontantoneously Top Row Serioted by E One Column Setiated by E
-, vGroEJe ‘N ) ¢ D - ' o
' 3 28 0 : "o 8
5 30 4 S 13 7
v o '

"On the multiple seriation task, very few subjetts even in grode 5 constructed
l’he double seriotion motrix. With help from the experimenfer, o number of children
~ = §ucceeded in forming o motrix, as shown in Table-6. Frochcolly no instgnces were
observed of subjects who would serigte with grouping an only one dimension, thot is,

where strings of pictures serioted by. size or shoding weuld be cohstructed, with the L
_other dimension kept constont, without being organized into o motrix, Such behovior N
. wos recorded by Inhelder and Pioget (1964). ' . . - .

Corss~clossificotion of sub|ecfs in bofh grodes revealed very Imle consistency
In performante across these four types of tosks. To some exfent, the low’ consusfgn cy
,In performance ocross the different Piogetion tosks wos expected, since $uch low con-
sfsfency hos been the most prevolent finding in studies on cognitive functioning within
. the cbnére}e operononol perlod Neverfhe|eS§, by grode 5, some conso”daﬂon shou|d

- - ’
~ . . \4 M s
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have been taking place and greater consisféncf might have been anticlpated, More
disappolnting was the lack of relationship between performance on the Piagetian tasks

ond the level of continuation on either the: Klahr and Wallate sequences or the ones

used In-the present study. There was.no relationship even in performance on the two fypes

of sequence continuation problems.” . v
i,}" - ‘ t A \ : ) - ’ . e«
. R Discussion . R S “oap
. The replication of the modelilg effect on the level*f cantinuations constructed

" by sequential patterns suggests that observatian of the highlighting of rules involved In such.
patterns facilitates induction af these rules in children who possess some capacity fo operate ,
with them, Modeling was not effective with the.grade'8 subjects since they were performing”
at the top levels spontanecusly, bearing out the finding in the previous study. that such
sequences are mastered by grade 8, WIith more intricate patterns that would be difficult for
older subjects, modeling highlighting their rules would be exepcted to be effective for
such older subfects. The limitation of the modeling influence to a particular age, range
should not be taken as a general finding, but os due to. the particular tasks ond demonstration
'strategles that were selecfed in the present study, - - _ _ -4

. A -~

Given the ‘age found in the level of s\equence centinuations, It still seems °
reosonable to assume thaf Cognitive abilities are related to rule induction ‘and rule”
coordinatian, The fallure to obtain any-Yelationship between the Piagetian tasks and
performance on the sequence continuation problems may be due to several factors. First,

** the cogrittive tasks selected may have been inappropriate, although on logical grounds they
seefn to fap similar obilities os the sequence continyation, tasks. Fugthetmore,. the child.
was asked to make a cholce.in the Piagetion problems and scoring was made on the basis
“of these. cholces (a fill-in procedise); ,a clinical procédure was not followed end explan-
ations fok choices were not elicited. It is concelvable that a mare clifical and detailed .
administiation of the Plagetian tasks would reveol relationships thakwere not found in

t  the pretent study, ‘Also, the multiple seriation and the miltiple classification tasks may
be more 4ifficdlt than has been assumed.’ The difficulty of the multiple seriation task has
been noted in u previoys stddy (MacKay, Fraser and Ross, 1970), Similarly, Overton
ond Brodzinsky (1972) found that the multiplicative ‘ i
ond Plaget's procedure was difficult for grade 3 children. More voriance In scares on’such
sognitive tasks imay have to be obtained to show any relationship to performance on other
taskss "Finally, performance riay be much more: context bound that has been assumed in
cognitive theory ., Toussaint (1974) has pointed out that various test sifuations which may

“be equivaleni in terms of logical or structural demar.ds may have very different information=
processing requirements. The latter type of differencés may account for the.low correlatidns
found.repeﬁdly between performances on different tests of concrete operational reasoning,
Simtlarly, ' while different types of sequeice continuation tasks may demand rule induction ’

_and rulé coordination, even utilizing sitilar perceptual difensions, there may be sufficient

. Specificity In the tasky to permit very varled performances on thegf, This latter point Is .

xsupported also by the tinding of little relationship between performance on the two types of
sequence continuation tasks. It moy be that prior to formal operofionol.mi\king, rules tend
to be construed non-generically, giving cohsiderable weight to specific contextual factors.
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' Study V. - : -
Construction ond’Recognition of Continuations for Sequential Patterns

X

™ .
= e

The finding that modeling offects the level of continuation of sequential patterns
. suggested that help with the Induction of the rules of a pattem faclitates performance. -
. The presentstidy was aimed. at Investigating whether the other facet of the task == coordin-
- ated application of thg rules in constructing a continuation == accounts for some of the task
. difffculty, It has been found that for many cognitive activities, passtve knowledge. exceeds
active knowledge: “Fo: example, this seems to hold for Inguoge in language acqulisition
(é.g., Goldin-Meadow, Seligman and Gelman, 1976) and for memoty In terms of better _
recognition memory then reproduction memory (e.g., Brown, 1975a), Generd'ly, in - .
sttuatlons requiring passive knowledge, the context provides some support for the schema-
tzed knowledge that Is required. Where choice has to be made among alternatives -
already gliven (recognition), the altematives contain cues for the requistte knowledge. .

The present study attempted to determine {fachildren would show a better grasp
of the rules for séquential patterns when required to recognize an appropriate continuation

than when required fo construct 1t from available materials, o
B . : o~ ’
Method .= i
. ) = Subjects, A total of 60 children, twenty epch from grades2, 5, and'8, e
. ' .atfendirig Worcester, Mass. public schools;” participated in this study. . . -
.- . . Materldls. The sequence continuation tasks were {dentical to the.opes used - . .
- ‘In Study TI{ described previously: .o AP . .
. ) ' ) r— SN ‘

, In the recognition part of.the study, the same sequences were employed., Large
12 1n x 18 low trays were used to present the four different continuations from which the

" subjects-had to choose the best one For each sequence. Each continuation conslsted of

- 5 pleces taped to,a different*tray. The pleces were identical to the ones used in the .

<

, ~ censtruckon part of the study,’ C

4

-

e Procedure. Each subject was tested Individually in a spare room in the school.
Half'of the children in each grade were given the recogsition part of the study flrst and
°, “then the construction of the sequence contiiufftions; half participated in the two_parts
! of .the study in severse order. - v - -

. The construction part was administered #n an_identical manner to the confrol
_ . condifion of Study IIl. For the subjects presented with the recognition part of the study ‘
first, only one of the two preliminary tasks used In Study 11l was glven and a préliminary .
recognition task replaced.the second preliminary task. . A simple ultemating pattern © '
of a yellow and blue square was shown together with four fwo~piece continuations and the
child was asked to s¢lect the best one. The second preliminary continuation task was
. shown imimediately prior to the construction part of the study. For the subjects administered
- the construction part flrst, the preliminary recognition task was given immediately prior
tgthe recagnition part of the study. o '

v
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’ The stem for each sequence was already ‘constructed orya board and was plaged
In front of the subject, The four trays With the four continuations for that sequence were °
arreged in o 2-x 2 matrix I front of the subjéct to the right-of the stem. The four
—<continuations represented four different levels of performance: (1) a repetition of the
stem from the beginning, equivalent to no recognition of units;. (2) completion of the
.. fourth unlt by repetition of the first plece of that unit twice and then o repétition from
_ the beginning, equivdlent to a recognition of only the perlodicity in the sequence; (3) .
continuation manifesting both between ‘and within-unit rules, but with novalty o'r?f)ngo‘r ’
the between=unit rules; (4) coordination of both between and within~unit rules with novel
exemplification, “These continuations were taken to represent category leyels 1, 3, .6, and -
7 In the category system used in Stady |l. The position of the highast~level continuation

was rotated through.the four cells of the tray arrangement ochsﬂi ) .

- An odult male served as experimenter, A second exper'i#\enf recorded the
cholces made by the subjects in the recognition part of the study as well as the continuations
they constructed, The seven-level category system was used to score the results since It had
been employed In divising the altemnatives from which the subjects were asked to choose
in the recognition part of the study. ° : ’

—

Results - -
- ° - ) . . U4 < o
Both the continuations constructed by the subjects and their recognition choices

were coded in termis of category level, Analyses were conducted to éxamine for the effects
of order of administration on both the construction and the recognition level scores, Order
was significant only for the construction scores on one of the eight tasks for grade 5 subjects
"(Mann=Whiteney .U =21} p <,05)." It was concluded thet order®was hot a significant
varlable and was disregarded In subsequent analyses,’ - S ‘ R -

[ ¢ 4

-; . \. . - " . Tob.'e’ g #w . ',
The Number of Subjects Perfarming at Each Category Level In the Constructfon of Continuations
o , - ' ' Categagy hevel -
t . i -
v Grade 1 2 3. _ 4 -\ 5 6 ‘7 -
o\ 2. T4 5 4 4 w0 3 o
?4& \l . >, e - —— . “"“ ° . .
N 5 ’ ! -0 3 T 2 - Mo -
8 1 0 0 1 3, 3 12
L . . : ;\ ot . . .
.- , Kruskal-Wallis analyses of varfance on ‘level scores showed a significant grade ¢
. effect for constructiofs ds well as for recognitions (H = 12,2, df = 2, p <,01 for recognitions), N

With age, children obtained higher level scores.as shown in,Table 1 and in Table 2, The

_ results from the, construction part of the study bedr out the findings of Study 1If in that by -
grade 5, the children recognized both between and within-unit rules, but did hot Use novel
exemplifications, while by grade 8, 'novel exemplifications were used by the majority of the
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. - - 3 .
" - children, In the recognition part of the study, grade 2 subjects tended to select randomly .
from among the four continugtions presented to them, Grade 5 subjects divided their cholces
-about equally between category 6 and category 7 continuafions, white grade 8 subjects »

-selected mastly category 7 continuations. - )

The Number of Suiaiecfs Selecting Eo;:l;.I:vezl of Continuatlon Ln,,ﬂ?e Recog‘rﬂﬂoﬁg Part L
s - Continuation Level '\ , " ‘ - |
Grade - - 3 6 <7 - )
RN o4 s 7 4
5 2 2 9- 7 o
: a0 4 s ' ~
2 A corﬂpor-lson of the level scores for consfrucﬁ;ns and for recognitilg cholces . -

by ‘means of the Wilcoxon's test revealed that recognitions were at a higher level than

constructions for subjects In every grade (Grode 2, T= 14, N = 18, p < .Oig Grade 5,

- T=12, N=12, p=.05; Grade 8, T=0; N:=6, p=,05), The same comptrrison carried

out for each task individually revealed significantly higher recognition than .construction ~
scores on dll fosks'In grade 2, In the two other grades, recognition scores were higher only

on two of the elght tasks, one a color-shape task andorie a color=size task, The,lack of *
slgnificance In these specific¢ task comparisons was mainly due to the high level scores

obtatned by subjécts in the construction part of the study, résulting in many Insfum‘:es“of

homli fference between recognition and continuation scores, . . -

. - Y

D‘fhﬂ:ussion =

- & ot

o The results from this study supported the hypothesis that children have o better - .
grasp of rules inyolved ‘in sequential pattems fhan they manifest in the continuations that

“they. construct, The finding_is similar to a report regarding construction énd recognition

- of serfation (Blackstock and Xing, 1973). However, the significant age trend for the
-recognition cholces indicotes that the difficulty is not mainly in the con'struction,process.

-~ The younger children select continuations at a higher levelthan ones they bulld on thelr
own, but they do not select the ones at the very highest level. Consequently, it seems

+" that with development; there s InarEng understanding of sequential pattemns and ability

to coordinate different rules specifying ‘the patterns. Before this understanding s shown . ~

In the contihuations constructed by the child, it can be manifest in the cholces of already~ -

butlt continuations. Previous studies In this investigation have shown that this understanding

can be elfcited through exposure to contexts that provide more information about the rules

involved', such oslmdodellng. ' " ' :

~ - [}
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. L In addition, the superiority of recognition over construction performance sug'gesfs '
, : oS
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_ that at the level of woncrete operational reasoning, the understanding of sequential )
.Wm may be moré concrete than generic; that is, the pattern may be known only in- o,
terms of the elements through ahich it is presented. Because of this cancrete understanding,
hovel extrapolations of sequences may be difficult, more difficultthan reconstruction of the
pattern as alregdy given In the stemr. The cholce of -ontinuations involving hovélty In, the
recognition part may be due to perceptual pulls of the design rather than to 4 generic under= .
standing of the.rules Involved. Thus, the concrete form of uriderstanding of e/se'poHerns a
B~ ’ . I A ° B A &
would suggest that specific aspects of such foskg should have an important rele, Those foski; -
In whickethe configurational aspects highlight the pattem may be easier than those without
distinctive configurational suppotts for the pattem. Considerable ‘vartation In performance
across tipes of materdals might be expected. Findings from Study |11 of this Investigation;
In fact, bear out suéh.oﬁé'expecfofion . ’ ) .

. N , ; N . . -

<

. ¢ wgotylnuotion and Memory of Sequential Patterns

-

,.Sfudy v - zé“

¢ In his more recent writings, Piaget has drawn the distinction between figurative ~
and operative aspects of knowledge (cf. Piaget, 1969). By the former, he refers to knowledge*
derlved from direct perception which includes specificotion of perceptual propérties and
_conctete atiributes through images and perception-based schemata . Operative knowledge,
on the other hand, refers to the schemes of intelligence constructed In the process of inter=
action with the world, but abstracted so as to serve as generic rules for cognitive activity.
It Is recognized that In Intellectual activity. the individual employs both figurative schemata
and operative schemes, yet It has beén difficult to specify exdctly how the two typesof *
knowledge* Interact and support one another. - Inhelder and Piaget{ 1964) have commented .
_p thot it 1s often difficult to specify their interaction in a concrete task except through an
. empirical study. Neverthéless, as a result of their studies on classification™Inhelder and .
Piaget concluded that multiplicative operations do not spring from the earller graphic
sttuctures desplte the perceptual support that the matrix layout of the multipltcative - -
classtficatlon problems provides for the child. Rather, multiplicative operations and additiveg B
oprations are sald fo be constructed in paralle! steps and in interaction with each ofhei;‘:fé?}f:';,’ '
J Recently, Toussaint (1974) dlso raisgd the.issue of the relation between figurative and ~  wpq " g
operative aspects of knowl(adge in the ‘period of concrete operational reasoning.. While - n T )
“demonstrating that greater synchrony irr p&rformance on concrete operatlonol tasks can be
obtalhed If they are equated with respect to thelr figural aspects; this study also found a N
close parallel betwgen the more operative and the more figuraﬁve"‘neosure\ of reasoning. i
Thus, 1t concluded’that the effect of figurative aspects of tesks must be specifically evaluated i
_ rather thon ignored in assessing logical compefence. Desplte the rerognition of the importange
of the problem conceming the relation of figurative and operative aspects pf intelligence,
. relatively little is known obgf0t the role played by figurative supports in intellectual activity.
Often this problem s subsumed under context or situationol effects.in intellectual functibning.

Co » :
o Figurative knowledge clearly plays a rol@ In specific memory, although memory .
generally relies to.a large extent on abstract shemes (cf. Plaget and Inhelder,- 1973),
.2 For example. the greater proficiency of res ognition than of reproduction memory ‘seems o
Indigate that figurative aspects are important, although other skifls influence performance

~
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In memory tasks (Brown,

1975b).

1 - N

In view of the findings in previous studles of this Investigatton

that conceptualization of sequential patterns seems to be offected by the opportunity to rely
. on the figurative aspects of the situation, the present study was conducted to explore this

e
the stem for a sequance in'such a way that the different rules governing the,sequence were

factor Further. In iﬂ;l’udles i ohd)‘/ it was found fhof observation of-a‘model constructing

concretely demonstrated facilitoted «<ontinuation. using those rules. * Simil
it wasfound that children selected higher-level continuations from a se}6f continuations than
they canstructed an thelr own. These differences in performance canKe seen as Indicating

that figurative factors 'help to represent the rules gdverning sequentia
them in constructing continuations of such pofferns: In the present stud

y, in Study V

atterns and to utilize
e level of contin=

uation-of sequepces was compared to memory for SU h sequences.,
quee p Yy ch seq

>

-

b " 4 oL
.

-

" In addlition, since some task dlfferen ces were obtained In Study |l due hot only to
the type of pattemn Involved but also to the perceptual dimension which wes used fo code a
_particuter rule,’ the present study sysfemoﬂcolly explored the form-color dimenslons within
, these tasks, since these twa dimensicns have been most frequently studied 'in the llterofure
deollng with the effects of percepfuol dommonce on concept formation,

L 13

P

Mefhod . ) .

Sub]ect,s: " A total o\‘ 64 chﬂdren 33 from grode 2 and 31 from grade 5 served as
subjects. They were drawn from Worcester, Moss. public sghools and were equally divided «
between boys and girls, Three additional grade 2 subjects did not complete the prelimihary
tasks and were excluded from the sample. The children from each grade were assigned

Irondomly fo one'of two fosk cond]tidgs .

Sy
J

Materials.,

£

!

Slmple.geomefrlc shopes painted cﬂ‘fferenf Solors were used as
‘elements for the sequences. = Six different geometric shapes were used: square, clrcle,
“triangle, diamond, ellipse, and rectangle. The pfeces were painted in red, blue, green,
ye“ow, orange, and brown colors. All the pieces were 1 1/2 In, high, except that one of
the prellmlnory tasks used 11h, piéces and the other = 2 in, pleces. , .

_The stems for the sequences were presenfed to %hlld on a wooden board

" (5ft, x51n.). The pleces from which the child was asked to construct a continuation
. of the seq&ence or to reconstruct the stem were presented In a shollow wooden container

( 11 1/2in. x 13 1/2 in;

foe Procedvra.

.‘ .spare room ih f-ﬁ_— school,

v
7

PR

).

Eoch child was tested mdlwduoluy by a female experimenter In‘

<4 -
»

-

The experlmenfer sat opposlfe the child ond recorded the child' s
-t behovlor In constructing fhe sequerices.

o é) *

) The children osslgned to the Calor-tasks condition JCN) were glveh-tasks in which"
L color changé marked the periodicity of the sequence; the' elements were Identical in color :

" withfn o unit ond differed in rolor from all other units. Those agsigned to the Form-tosks
" condition (FT) were glven sequences in which-form change markeththe perlodicity of the
sequence. Additlonal within-unit riles for sequenoes in each con tion were marked by
changes in the other dnmenslon, i.e., in the CT condition, diffefnces in form specified
fhe withih unit rules. Thus,*neifher rondition retled purely on form or color for fF\e poffern ’

.
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of the sequences, . . AN

I

‘\ x
All subjects were given. fwo _p)elimmory tasks appropriate to the rondition to

which they were assigtted .- The first preliminary fask involved the alteration of a single

* element and’the second task involved the altetnation of a three-element unit, Those tasks
were used to.make sure that the subjects understood the instruction "to continue the pattern”
* For each of the tasks, once the child h
" pattern were mixed up and. the child was asked to reconstruct the sequence from memory.
Those children who could not successfully pecform fhe two prelfminary tasks were excluded ¢
fom the somp'e. ; - -

a,&% 1 . . X\ ..
s The 16 subjects in the CT condition within each grade were administered eight
colofgmhtpe tasks.' These tasks PreseN_,d four diffaredt patterns: (1) an alternating pattern;

. (2)0 pattern in which elther the lasor middle pleke of a unit is different front the other,
};ﬂ‘o and from all previotis different-shape pieces; (3) . repetitive pattem In which all the =

continued. the sequence, the pleces making up fhg

aopieces with!n a-unit are of different shape from edch bther, bul’ tetain theit positions acrasé -

ynits; (4) a repetitive pattern in which all the pieces within a unit are of different sFlope
i?rom each other-and rotate from right to left in thelr positioh acroTunits, These patterns
were simitgrto those emp[,oyed in Study 1,

= In the FT Zondition were given onologous patterns excepf that form was used to designate”

\Un“s. The stems of the sequenc‘es used in the present stwdy ure shown in Figure 6,

~

°

Two tasks represented sach pattern’, The subjects; '

°

i For all poHems, the units were compaaed of ?hree elements, Eo..h stem corisisted
of three units and the first plece of d fourth unit,” To continue flie. sequence the sublect
was required to complete the fourth unit and to construct a-flfth unit, In reconstructing the'
poﬂern, the subject was requested to put-down what he could remember, but scoring was
based on the first three units of each sequence. For the continuations there were 27 pleces
in the confainer for edch task give'\ to the subject, representing a repetition of the stem,
o correct continuatipn, and.varieJs pieces heeded to construct a varlety of intermediate
coanuoHons. For the reconstructions, the child worked with the 15 pieces représenhng "
fhe stem and the continuation construcfed:by the clhild . p
. .

N .

-
-y,

°

<§% b

" The four fypes of pattems were presanted in counterbalanced order across:
~sublécts; the jwo tasks of tee same, type were presented one offer the other. After com=
pletion of the prelimina-y tasks, the subject was first asked to "continue the patter” and
forewarned "l want you to remembe the pattern, too" before each of -the elght tasks in tumn,°
Once the conhnuohow was constructed, the pieces were ‘mixed up and the subject was, °
osked "Now, do you remenmber how the pattern_ wenf?" and told " Try to put down-as much
"as you can remember,t - 5 -
— .

.

o _
®

~ z &
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Sl'udy IV, The reconstructions were scored for accurac
remembered correctly as well as for the leVEl of rule~cqo

!

Q' o
- .The. continuations wefe scored Using thé 14-levél cofegory 5ysfen1 employed in
)Qnaferms of the riumber of pieces "

ination monh‘esf ] he recon=~

structlod, Since twotasks were administered for each type'of pattern, the higher of the two
level scores was used as fhe sub]erf s score for that fype of poHem. e -
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Prelimfna-y analyses’indicated the sex of subject and order of task presentation

were not significant va-iables arid were disregarded in subsequent.analyses. Analyses

" . .of varlance. were used-gs a first step in gnalyzing therdata,

. A 2 (grgde) x-2 (condltion) x

o vy,

»

4 (type of paff'er'n) analysis of variance on the

"+ level scores obtained for continuations indfcated that grade-5 subjects scored higher.than
» grade 2 subjects (F = 6,52, df 1, 40, p <.05) and that CT subjects scored higheg than

L]

"& FT subjects(F = 7,74, df 1, 60, p<.01). The grode by type of “patfern interaction .was— .

also significant (F =3,05, df 3, 180, p-€5,05), upparently due mainly to different performance

" -~ on the third type of pattern. on which grade 5.subjects tended to do better relative to the

other types.
. ~

A 2%grade) x 2 (condltion) x

- -~
'
L0

4 {type of ;‘ao\ffwerr.:») analysis of varience on the level

: scérés obtained for recoristructions of these patterns showed-a significont grade effect

(F=6.65, df 1, 60, p <.,05),—condition

LU (RS 11,41, dF 3, 180, p<.01),. and a significant condition by pattersi interaction (F = 6.38, -

~, dF3; 180, p<.01). Grade'5 subjects o

effect (F = 9.74, df 1, 60, p <.01), pattem effect

btained higher scores on reconstructions than grade

2 subjects and subjects in the CY condition obtained higher scores than subjects in the FT °

-

condition. In view of the apparent importance of the type of pattem, analyses of variance

-were carrled out on each. type of pattern

> -

A 2 (grade) x 2 (condition) x
on level scores for the first type of patte

separately,
1 . ( =< .

° . N B N\,
2 (continuation/reconstruction) analysis o_f variance
m (alternations) indlcated thet reconstructionscores

. .were higher thaa continuation scores (F*=9.06, df 1, 60, p <.01). No other siénif_fccmf

_effects were obtained.  As would be exp
altemating pattems were within the com
level scores are shown in Table 1,

- -
Fa

+Contlnuations
~ Reconstructions

o, Crade 2 ‘
G‘mae 5 . Contlnuations
G Reco'\sfru’cfions

i

. - ) Table 1 3
Mean Level Scores for Contirtuations and Reconstructions of the Altemating Pattém

ected from performance on the preltminary tasks,
petence of subjects from both grades, The mean .

® .

R A
- €ondition
8.82 7.94 °
9.53 9.25
9.33 T 8.75
10,00 - -.  .10,07 : .
Hr . . - .‘ , . , i

L S \ o . >
* . A2 (grade) x 2 (eondition) %2 (cow‘finpof_ion/l;econsfrUcﬁon) amalysis of vatlance

on’ level scores for the second type of pa

ttem (one different element within each unit, see

Figure 6) tndicated that grade 5 subjects achieved higher scores than grade 2 sbbie\cfsq .
{F =6.18,7df 1, 60, p<.05), that CT subjects achieved higher scores than FI.subjects

(F=13,76, df 1,.60, p <.01), dnd that
scores (F = 44,90, df 1, 60, p<.01),

L - \ N
"W, M s

-

reconstruction scores were higher thgh ‘continuotion
Nowe of the interactions were significant. The’ .

LN



. fl "o N M
LT 625
, . . - . . . . . &
results are shown fiTable 2, . : . -
< . ' . ‘ \ N =~
R Table 2 « s |
Mean"'t.m;el Scores foi Continuations ond Reconstructions of the Second Pattermn
‘ " < ' .
Lo ’ - * ¢+ Condition <
Hnuations , : '
" Grade 2 Continuations ~ 8.88 o, 6.81 )
R Reconstructions 12,12 , 8.75 ”
e ! ' ’ . *
- ot t .
Grode s | Con Tnuo-tions ‘ 11,07 B 7.94
T, Recorstructions 14.00 “1L19

, For the third type of pattern (each piece a different shape withinthe unit, see
Figure 6), o 2 (grade) x 2 (condition) x 2 (confinuoﬁoﬁ/reconsfruéﬁon) enalysis of varieace
Indicated that grade 5 subjects scored higher than grade 2 subjects (F = 8,50, df 1, 60,
;;< .01}, CT subjects achieved higher seores than FT subjects (F = 8,43, df 1, 60, p<.01),: .
“and that reconstruction scores were_higher than continuation scores (F = 48,87, df 1, 60,
" p<,01), Thete¢ were no sigrificdat interactions, since the relatively lower reconétruction
scpres of grade 5 subjects were due to Jow scores of a few subjects, . The resultsa-e shown

*

II‘; Table 3. < ° ) . <N . . v
s . ..,?" o 'e * . .
‘e K s - Table'3 ' ’ - ' .
Mean Level Scores for Continuations and Reconsfrudkrfof,fhe Third Type of Pattern
"' © oy 4 ' : I ‘ . o .
e ’ . R s Condiﬁoﬂ ¢ . ’ Ay
. . s ! : ‘-" L~ ' CT ‘ ° ) FT 3 1
7 ". Continuations 8.41 . 6.44 .
Grode-2 ' Reconsfrudions'i-:‘.‘ 11.88 ) 9.69
x Confinuations - 11,87, 13,87 - L
Grdde 5. o . . ' :
v ) Reconstructions 9.0 P 11.3] ) o~

""" For the fourth typg of patfem involving'a withinrunit rotation rule (see Figure 6),
o 2 (grode) x 2'(condition) x 2 (continuation/reconstruction) analysis of variance showed
no grade effect, opparently due to Jower scores on these fatks by grade 5 subjects, The ,
C1 subjects scored higher than the FT subjects (F = 4,33, df 1, 60, p <,05) and reconstructiof .-
had" higher szores than continuations (F = 56,54, df 1, 60, p <.01). Ther‘e were no ’

{ . . N B
slgnificant Interactions, The results are shown in‘Table 4, o £ :
4 ¢ - . ! . . « ° } . ~
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S . ) ¥ . : = ) g
! £y . b -~ : Al ‘ * . ”
" o . T




-

o B . o Tobled
- Meen LeVeT Scores for Coﬁfinuohons and Reconstructions of the Fourth Type of Pottern
: . : =
’(Q N : C d“" ’ v Co B -
: : = A g, L
- > Contnuotions 8.18 ‘ 7.50 \ -8
Grade 2 . - . . LEENC T
", + Reconstructions 10.94 . . 11,19 e J ‘&;
P Continuotions 1Q60 8.00 .
© Orade S Reconstructions’ 12,53 10.87 . - ’

In sum, for oll tosks, reconsfruchons ochieved higher scores than continuotions and,
wlfh the exception of the oltemoting potterh, subjects in the CT condition ochieved higher
scores thon subjects in the FT conditiog. Grode 5 subjects performed better except on the .
fourth type of pattem; the within-unit rototion rule wos found to be difficult in Study IF.

as well, With the oltemnoting pottem, grode 5 ;ub|ec|‘s constructed and reproduced correct
continuations, therefore, the lock of o grode effect wos due to the eosiness of the tosk. o

To follow=Up & opporently Better performance on reconstructions fhm on continuoticns,
Wilcoxon's tests were conducted on the level scores ochieved or each task within each grode,
For subjects In the CT condition, reconstruction scores were significantly higher for abéfasks

. with the exception of one of the rototionrule tosks for grade 5 subjegts. For subjects in the
FT condition, significantly higher,reconstruction scores were not obtoined o1 two tasks
within eoch grode, but the tosks were not the some. For grode 2 subjects, the differences »

. were not sigifficont for tosks representing the second typz of pattem, while for grade 5
subjects, the tasks representing the fourth type of pattern were equivalent, Overall, however,
these non-porometric analyses supported the conclusion that reconstructions manifested o
- higher level of rule usoge -thon continuotions. ' " '

7 ‘e . - v x

-

¢ . The reco-\sl'rucﬂons were evoluoted in terms of oz curocy os well, Accurucy was

,;;’, defermined by counting the number of pieces in the some positions os in the stem given to

the sUB[ecl’ by the exomner. A 2'(grode) x 2 (condition) x 4 (type of pattem) anolysis

of vorimce .07 occuocy of reconstruction .scosgs.Indicoted that grade 5 subjects were more B

, accurfite fhcn gode 2 subjects (F = 10,12, df 1, @, p <.01) and that subjects in the CT °
conditlon were more accurote than sub;ects in er FFeondition (F=7.74, df 1, 80, p-< ,01).
_This effact wos modified by o significant grode by condition interoztion (F = 12 44, df 1, 60,
p< O1F, Subjects In grode 2 were obouf equolly bccufote in both conditions, -but sub|ecfs

In g-ode 5 were more accurote fii the CT condition. The type of pottem effect wos sig= .

- .

* nificonf oswell (F = 98. 92, df 3, 180, p<.01)., The mean azcurozy sco-es for the -

dffferez_ﬂ types-of p::H'ems ore shown in Toblg 5, - = -«
- :
Recmstrucfion accurocy scores ordered the fou* p:ﬂ'ems in di Ffucully from PoHem
| t5°Pattern IV in both conditions ifi the some woy o3 they hod been ordered using the
level scores.. ‘As clea' on ordeting of tHe fou: types of pattems in dlfﬁculfy wos nol’

e obtomed Us!ng the séquence continuotion doto, - - > "
S Co (.
*. ‘ (1 el

l'/’




y

‘ o , , : e,
- | o / |
. ‘ Table5  ° , -
Mean Reconstryction Accurocy Scores for the Four Types of Potterns oy
' ‘ ‘ Pottern
Grode Condifion 1 - ooy
' oo .. CT 700 T 4 3.6 7 2.0
T 83t 42 3.5 2.1,
s %0 . 73 - 58 .33 v
. ' FT 7.8, ‘4,4 3.0 2.3 '

~ Consistently, subjectsin the CT condition performed ot o higher-level then subjects
in the FT condition fo the extent thot grode differences were not opparent in the FT condition
on some tosks. At first glence, this finding moy 6ppeo- contradictory to the literoture
Indlcating better perfgrmarice o1 toncépt formotion tosks with form os the relevant dimension.,
It must be recolled thot both form and color were relevant to specify oll the rules for the
tosks used in the present study. However, in the CT condition, form specified the within-
wviit rules, while in the FT condition, it delineoted the vnits of the pattem, Evidence
obtained in previous studies suggests tho¥ specific withim=unit rules ore fnduced by subjects
with greoter difficulty than the between~wnit rule. It moy be thot coding the more difficult
within<unit rules through the more parceptually salient form dimension focilitotes 4
recognition of those rules and results in higher level or more accu-ote performeneg, -

—

- ? Discussion

“The'better performonce on reconstructions than on cogtinuotions supports the. hypothesis
that figurotive ospacts of ihe pattem focilitote its representotion, This evidence is in occord
‘with that obtoined in previous studies concéming beffer recognition of correc} continuations
ond the effect of modeling on level of continuotions in suggasting that ths cognitive compaténce
to Induce the rubes for these pottems may be insufficient for their full utilizotion of the time

Uch conipetence is first being developed; it is in this 3 thot performence can be
factlitoted through contextual suppo-ts. It should be noted thot ths difference batwean
continuaticts and -econstructions wos cleo-er for grade 2 subjects than for g-ode 5 subjects,
since the latter were able to psrform ot higher.levels in the construction part of ths study ,
These resulfs porollel the Fifidings on modeling effects, since modeling was, found. fo have
o greoter Impact on- younger than on older subjects, . ;.

- Thz ordering of the four types of patterns in difficulty is of Thterast, Thot the
altemating patteris ore the easiest is not surprising, since thesy o-e defined by a'smaller - "
- number of rules; except for rules specifying the identity of elements, nb other specific
withih=unit rules o-e employed, There can bz no novel exemplificotions and the Kighest
cotegory levels d -ot opply to them, Thz'second type of pattem wos identical to thot used
in Studies lll, 1V and V.. This type of pottem wos slightly less difficult then fhe third.type
.of pattemn in which all three elements withini o it differed from eozh other, but remained
Adentical across units. In this fhird typs of pottem, there is no within-unit novelty possible,
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" but there is o larger number <f relotions befween elements within o it fhof must be - -
specif'ed It was thought originally thot this third type of patfem might be eosier then, the
second. I'ype, since there is no requirement $6 do en across-units comparison 'to defermme
the characteristics of a within-unit elefient. Howeyer, this was fiot the case. " Either the
greater number of relations within the unit mad_e":ﬁor the across-units comparison, or..the \
repetitive change in, the same position across ufd fhe second type of.pattem ‘added ——
salience to the change and counterocfed the odded cognitive demand of the additional
T comparison. Restle (1973) has suggested on the basis of work with adult subjects that ,
structural complexity does not occount complefely for the difficulty of serial paffems,mnce '
sublecfs use a variety of operations to organizethe pattems. In any, case, the difference |
i difficulty between the second and the third type of pattem in the p present-study was not
" great. The fourth type of pattem was the most difficult, as might have been expecfed o
The rotation rule for specifying the position of specific elements within units requires a
|puiohon of all three elements in relation to each other ond o comparison back ta.the
pre\hous {nit to obtain an anchor- point for the rofohon. Thls fourth type of paﬁ'em proved
quite difficult even for grade 5 sibjécts.

-y .

»

The -clear relation befween the difficulty of the pattem ond the number of rules /
that need o be “oordinoted to specify that pattem suggest that ‘an anlysis of }he conception
of sequenhol pattems-in terms of coristituent rules is a meaningful procedure. Moreover,
it suggests that different ways for conveying information to the sub|ecfs obout the rules
. goveming o pottém should focilitate, comprehension of the poﬁ'em in poro”e! with findings

= regardmg acquisition of ofher concepts. : - -
. [} -~ . . - - ‘ - . '!. K
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. Sfudy Vi - T eliers. ;
The Effects of Modehng orf Consfruchcn ond Recogmhon of Sequertial Bat?ems Y

-
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. The prewous sfudy emon stroted l'hof chu !dren could reconstruct a sequenhol L
__pattemn from memory better than they could continve it.” Although it was argued that D
““their greoter facility with recostructions was due to the support that the figurative aspects >
of the olready=constructed stem gavé tg the organization of the pattern, the study did nof _

. rule out the posgiblilify that simple. memory for the location of a few of the pieces in. ‘the stem .
may have produced the higher recgnstruction scores. For example, Blockstock and King
(1973) found that different flgurol arrangzments facilitated recognition than reconstruction
in a serlohon task . Consequemly, it was thought'desirable to contrast children's oblhfy
to' continye @ sequentiol pattem with their ability to construct the same pattem with new
mdterials of vdrying similarity to the originol. Coasequently, in the present study, rgther

efﬁan being asked to redonstiuct fhe patfem with tdenflcol mofenql,s, children were asked to

| rec:msh‘ucf it with novel moferlols ‘ . . . . s,
. % [y ’

L A second aim of. fhls sfudy was to tie in the effect of observmg a model hlgh- _
l.lghf the ruled goveming a pattem with children’s ability to continue sequential pattems . .

'\. _‘and'to reconstruct them, It seemed of interest to determine whether the effect of observing
.a model was spec1f'c to the pattern ond the materials that the model had used or whether
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condition in ‘which the child daes no* witess the construction of the stem, the present-
study_ examinad twa modeling canditions that differed only in the extent ta which the rules
gaverning the pattem were emphasized in the madel's actions. Studies of modeling have
faund that addition of verbal rule statement to mode}/ng enhcnces the modeling effect
(e.g., Z!mmermm, 1974). : )
To furfher mvesﬁgufe the role of the specific materials in the child's undersfandfng
of sequential puﬂ'ems, "children were asked 10t only ta c@ntinue the pattems, but also ta
choose from amshg faur altematives a pattem most similar to the sequence they had just
-seen, In cantrast ta Sfudy V, hawevér, the chaices were constructed fram materials different
from the ones used ta present the sequence. The navel materlals were Identical ta the navel
materlals pravided far the recanstruction of the pattemns, In this v way, reconstructian cauld
#Be again campared to recagnition, but fn this study the pattems were embedded In navel
materials, It was ogdin’expecfed that fhere wauld be better perfarmance an recognition

than on consfrucﬁow .

\]

dn sum, the aim of the present skudy was ta bring tagether the variaus ways that '

had been used ta enhance children's conceptualization of sequential pattems (modeling, "

recagnition) and ta examing the generalization of fhe vnderstanding of such pattems ta

new materials. Twa age levels from the fange ot which the understonding-of sequantial

patterns hod been faund ta be most modifiable were selected ta parmlf same unolysis of changes
“with dev,elopmeni’ in the e,ffecffs aof fhe variables employed

4

Mefhod

' Subjects. A tatal of 64 subjects, 32 from grade 3 and 32 from grode 5 parﬂcipofed
In the study, Two odditional grade 3 subjects were excluded fram the sample due ta fotlure
an the preliminary tasks, The subjects were d-awn fram twa public schasls in Warcester,
Moss., both situated in a similar middle~class nelghborhood, Within each grade, the subjects -
were equally diyided between boys and girls. -Half of the chlldren in-each grode were
randomly assigned .ta one of twa mode"ng condlhons. “

< 14

te Maferfols Three different types of mofencls were used in this swdy. The' first -

high, Th°se mafenols hqd been used in the previous studies of fhis lnveﬁ' ation a were
employed in the p-ese'\foﬂo'l‘of the” sequenﬂol paﬂems. '

A second fypa of mofenol {Low Novehy LN) was quite similar fo the first.
The same six geometric shapas cut aut fram pasterbaard in the same six colors were used.
. In “the cmsfrucfim and:the recagnition p:rfs of ths sfudy. The pjeces were agoln 1 1/
~ high, - - ., » .

, The tpﬂrd type of material (ngh Novelfy HN) conSlsfed' of six different conflg- .’
\::t;ons glued ta 11/2" squ’ure pieces of white posterbaard, The different configuratians

' i: asingle dot, an ablique line af 3 dots, o single horizantal line, a double harizéntal
line, o  cross o‘ twa lines, ,ond o horrﬁowfol line with a dat obove i, These configurations

. -

»
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were constructed by pasting udheslve lines and dats made fram glassy poper I'q ‘the -
'posferba:rd These conflgurohons were made in ths same six coloa used far the ather
materials, - )

-~

]

the'plecés witiihich the children were to wark an any glven task were presented In a,. e~

The sguences were p'esenl’ed an a waoden board Used in ;:jvlous studles ond ,
waaden ar a co&voard bbx, as apprapriate

-~

Pro..edure. All subjects were tested IndlvldUolly in a spare roam in thelir school
_An odult female served os experimenter and as model. A second female experfmenl'er’w
present to record the chﬂd's ochvity in ;performmg these: I’osks. .

-~

" All subjects weré presanl’ed with two p'ellmlnory tasks ond elght sequence cantinu-
aHon tasks, Thase in the Modeling Contral condition (MC) abserved the model butld the
stem far the sequence continuation, tasks one plece .at a time, ot an even pace. Although the
stem was constructeéd while the, child watchad, the model made na attempt ta emphasize any

"aspect of the pattemn, The subiecl’s in the Relevant Modelmg candition (RM) abserved.the
model bulld the stem so as ta emphasize same of the' rules gaveming the pattem: each .
triplet was put dawn First cavtaining identical pleces; thefi, the different-shape plece within
the triplet was put in place of ane of the identical p%eces, fo' patterns in which all pieces -
within a triplet were of a different shape, a secand piece was similarly replaced, This
procedure was ‘meant ta hlghllghl‘ the paricdicity and I'he wifﬁud-uni% rules of the_pattem,

., The elght tasks consisted af faur- Instances eoch of the saco*ud I'ype of pattem cmc{
the third ] type of pattemn used in Sl’udy Vi, For all tasks, colar changé marked the division
‘of the sequence inta units and form caded the within-unit roles, The eight SeqUenﬂoi
pattéms.are shawn ifh Figure 7. In all cases, the stem’consisted of 1Q pieces, three
complete units and, the first piece of the faurth unit,” To cantinue the Sequ=nce, the suble,cl'
wos~requlred fa complefe the faurth and ta build the fifth Lni}. v
Faur af-+the sequence cmﬂnuaho’a fosks were foUowed up immedlo}eiy by a pattern sz
reconstructiod task and the ather faur by a paftefh recognition task, "In each grade and
each modeling condition, the presentatian of the recanstruction and the fecognitian tasks.
was cawnterbalanced acrass subjects. ‘Each type of pattem was tepresented by twé tasks
“1n the recogniﬂcm part and by two tasks Th.the reconsl’ruchcm p*arl’ of the study,

Oz

.\‘” c, -

At the begmning the child was glven one p'ellmmory task, It consfsl’ed af g
g repeﬂﬂve sequence of three squares, with.each triplet marked by « dﬁffereni;_gglor. The
chﬂd was asked ta continue it in arder ta demanstrate understanding of the instructions
"continue the pattem," Thzh the child was asked ta remember the pattern, ond if he'was
ameng thaie receiving the recognition part flrst, ta select fram faur sequenhql pattemns
constructed fram the LN materials ane that was mast like the pattern he hod ]usl’ seen, Tha
baste shc:pcl af tha'elements in the cholces was triongle réther than square, &id a different.
sequende of specific calors was used ta delineate the units. Each of the ch%!ces consisfed
. of 12 pleces, but only one was @ completely adequate represetation of the pattem, If
the child did not successfUtly patform on this. warm-yp task, it was explained and pregented
again, Being successful, the, child'was than p-esented with the tasks In thecrecognitian
part of the study. Chﬂdren wha cauld 1ot succeed on the preliminary tasks were excludec(
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" Flgure 7. The stems for the sequence continuation patterns presented.in Study VII  »
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Before the reconstruction part of the study, a second preliminary fos.klvgos given,
iy It consisted of a simple altemating pattem of sifgle brown*and ofange squares. The children
were requested to continue fhie pattem. Once they had-done 5o, they were asked to look *

... W over so'that'they could remiember thz pattemn .- All the materials were removed and he

" child was presented with 16 HN pleces énd asked to, make o pattem as close to the one —
he had just seen as he could, The replication that could be made was on_altermatiof of - .
‘blue and yellow dots, Again,. if the child was not successful, the task was explained and .
‘presented once more, Those who succeeded with the preliminary task were then given:the '
. four reconstruction tasks, ‘Subjects assigried to be given the reZonstruction tasks first were
also given this preliminary task first, N ' : : -

1
- . ¢

~  The LN ond HN materials.were used with each f/pl of pattern In both-the recon-"  *
struction ond fhe recognitioniparts of the study. In short, there were four "ehfidren in ‘each. -
grade and each modeling condition wha were glven the reconstruction/recognition parts of
the study In the sate order and were askdd fo deal with the two types gﬁfboﬂ'ems in the
same order; one of' the' tasks representing each type of pattetn was given with LN materlqls,
the other with HN mo(;griols in both the reconstruction ond recognition parts of the study., P

To continue eo\h sequence, the subjects were given, a box*contalning about 35

pleces; these included fhe pieces necessary to continue the paftemn os well as pieces necessary

“

* 1. to'continue it in all the wgys that previous'studies had shown thildren attempt to handle

( *After putting down 15 pleces (i.e., 5 triplets), the child was stopped with the statement that

A .

S

_ these tgsks, In the reconsfruction part of the study, theEhildren were given around 40 p‘Tec'es;
of efther LN or HN mdteripls and were asked to make the pattemusing these novel materlals,™

o "hé'hpd done enough, In the recognition part of the’ study, the child hod to choosé'omong

" four sequences, each contalning 15 pieces. Each of the four sequences was gluzsd to o ...
.2 1/2 % 18 I, strip of white posterboard ond represented different degrees of approximation

* ¥ to the paMem, In terms of the 14fifével cateyory system used In previous studies, the four
“chojces represented céfégor%é

)

gts 2, 7, 10, and 14, The strips were lined up one above

: e‘fro' indicate the best representation of the pattem, The /’
"position’ of the strips represenMpg the varlous chéices was counterblenced across tasks ;

-+~ anhd sub cis - Tha sets ofurecognitian-choices for two of the tasks are skown in Figure 8., |

BN ° -

7 Tha cont nuaf!o‘fs,. recéqsﬂuéfim's,' and recognitians were _scorea’Usi(\g the 14~ .
~ :\fgyél"’cqt_ggbty sygtem described iH Study IV, - . R
- - < , - i L e
Results . -

. . the other and the ghild was

. -~ E -

' - . - Sy ¢
- ¢ The results of this study tumed out to be difficult to interpret for. several reasons, . °
"Flrst, d number of the variables interacted with each other making the small N in each |
" cell Jdedequate for specific comparisons. Second, in one of the schools used in the study, .
" the 6“30"")' of subjects In one grade tymed out to bs not from the resldential‘area served
* by the school, but froma near=by. housing project. In this schopl, grode differences .
. obfained In previous research and with subjects from the other schosl tended to bs,either .
o’se?nf or reversed in direction. There was an thsufficient-number of subjects from each
school to coiduct separate analyses fo- each school . In*some analyses, school was enféred .
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!n asa Veroble and did inferocf slgnlficonfly with other varfables, On the other hond,
zordér of administratio of speclﬂc tasksand of the Teconstfuction/recognition parts ef

“the study was not significant, Al] analyses to be reported were carried aut ignoring the
-der vorloble. - !

S Y

H

) Contiriuations of Sequential Pattems,  An onolysus of variance on the level
. scores for continuations of ol of the eight sequances wasl carried out using grade, modeling
+ - tondition, and school'as between subject factors and ‘the two types of patterns represented
by the elghf‘ tasks as the within subject factor, In this study, tasks representing pattern -
type Yl (all elements of different form within a unit, repzated across units) were continuzd
ot.a significantly highar level than those representing pattern typz Il (F = 13,21, df-1, 5%,
p<.01), The difference In the mean fevel of continuations was not largz. In oddlhon,
the modelmg x schBol x type of pattern interaction wos'significant (F = 4, 63 df 1, 5%,
p<.05). It appears that in one of the schools, sub|ecfs in_the RM condition consfrUcfed
" highsr=level continuations only in tasks represenhnﬂ poH’em type Hll,. while In the other, -
RM subjects candruéted higher lavel continuations for bath types of patterns, The results
are shown in Table 1, Although over=all grade ‘and modeling effects were in the expacted.
directlon, as shown In Table 2, the VOfIObI'H’g was foo great to result In sugnlﬂcunf dfér-

ences, .-
- ’l -

o~

)

Table2 - o \
.~ Mean Level Scores of, Subjects in the Two Modeling Conditfions
e . on Co'mr%ho'\s of Sequ,onhal Po‘ferns }

*Pattern Type

- . I -
. . ‘Grade 3 Grcde 5 Grode 3 - "\ Grade 5
. MC 10.78 11.19 11,25 * 11,93 -,
RM 1.00 11.80 12,12 £ 12,43 .
’ . . . | . \ A . - “o

«

. £ - t - - “ N
~ . Reconstructions of Seqililal Patterns, The reconstruction scores were
lower overall than ths continuation sces, a, might be expacted, since the subjects were
* Yreconstruzting the patterns using novel mdterials, In ap analysis of yariance with gade, ™
& - ) .
' B ) : o
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| ‘ T tabler T
-, Meon l.evel Scares of Subjects on Continuatlons of Two Types oféequenhol Patterns
T C ) Modelmg : !
———School Pattern’ < MC RM -
' T 12,04 11,76
1l . v -}2,39 13.25 AL
. : R : »
Co20 ( B < T 9.93 11,04
«IH . 10.08 11,30
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- # - These results were mgdlfled by a number of significant interactions.
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modeling conditio,, gnd school as between subject factors and type of pattern, novelty

* of material, and congnuofion/reconsfrucﬁon parts of the stody a5 within subject factors,
a complex pattern of results was obtained, Continuation scores were significantly higher
than recoristruction scores (F 5 105.66, df 1, 55, p <.,Q1) and Yeconstructicns with HN.
materials were ot a higher level than with LN materials (F = 4,215 df 1, 56, p<.,05), ~

o ’

-, The continuation/reconstryction.scores varied with the type of pattemn (F =

15.26; df 1, 56, p <,01), since the greater proficlencywith tasks of pattemn type HI

.. obtalned on continuations did ™ot hold for recaristruciens; “in reconstructions, the two
" types_of patterns.were about equivalent in difficylty, A significant grade x. modeling x

-

_school¥ novelty of materials interaction (F=6.47, df 1, 56, p <,05) was obtained as
well asa significant grade x modeling x school % type of pattern x continuation/recon-
structlon Interaction (F ='4,04, df 1,56, p<,05). The effects.of grade and modeling
were In the expectdd direction,<but va-ied also with school, type of pattern, and novelty
of materials, Table 3 shows the results for grade and modeling condition, '

s 13
Table 3

. . . /
Mean Level Scores Obtained on Continuations and Réconstructions of Sequen‘ﬂol: Patterns ...

~ . Grode \ ,
Continuations ’ » | > , \
—_— - , - .
Modeling MC ) 10.70 < 0 T10.97 - N
. RM \. . - 11,05 12,30 R

. : ' h <
Reconstructions . T -

_ Modeling, MC 7,09 7.7 ‘

b RM \ 7.34 °8.72 v

”

t With pattem type |1l tasks, subjects tended to build reconstructions’at
higher levels whén diven thm whan given LN mutertalsif they were in’
ths RM condition, Thz modeling x novelty of materials interaction was significant
(F=8,05, df 1, 60, p <.01) whan-ths reconstruction scores were analyzed for tasks of

each pattem=typz sepacately, There was only a trend in_the same direction for tasks
; fremn: ! direct )
of pattern type Il, ' These results a-e shown in Table 4% - *

. - . LI v \

Recognition of Sequential Patterns, /Conﬂnuaﬂon scores were higher In
the presertt.study than recognition scofes since all ths recognition tasks were’ presented
with aovel materlals. In on analysis of va-ionce with g-ade, modeling, and.school as
the between gubject factors ard type of pattern, novelty of Material, and the continuation/
recognition part of the study as the within sulafects factors, a'number of significant inter=
action effects were"obtained,  Overall, continuation scores weré siggiflcmfly higher than
recognition scores'(F = 7,99, df 1, 55, p <,01). Subjects figm one of the schools differed
more in these two parts of the study than subjects from the other school (F ='4.65, df 1, 56,
p <%05). Also, subjects in grade 5 did better with LN"Taterials than subjects in ‘grade 3
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‘ (F = 5,80, df 1, 55, p<.05). It 'oppeored that érode 3 sublects tried to adopt a direct
matching strategy with the LN materials and failed to use the rules of the pattern 1n a

" more abstfoct way. , . <,
LI .. .u o LI . . , )
- , ‘ o Table 4 ., N, v - '
Mean Level §§:ores Ob‘folned on Reconstructions of Pattern Type Ill Sequences -
T s - \ ' o k -
S - : o ;  Materlals g
c L e, N, . - . HN.
. Moée“ﬁ.g'_' Grade “’ - s - . § .
MC. 3 Neo4 v 6,56 | ’
— 5. . TTa o ers
T RM 3 6.75\ o tras :
" 5. 6,75 §.31 : :

The type of pattern in addition to the novelty of the materials affécted the -
'7 scores obtalned by subjects In the two gradegdifferently, The grade 3 subjects did rela-
. tvely less well on tasks using the type |1l pBttemns in the-recognition part of the sthdy
compated to the continuation part than did grade 3 subjects, particularly with HN muterials,
~~i__In_contrast to the reconstruction part of the study, the grade 3 subjects did about equally well
" _mIth LN as with HN materials in the recognition part of the study, - Grade 5 subjects did
less well with HN materials, Sigrificant type of pattern x novelty of materlals’(F = 5.28,
df 1, 56, p <.05), grade.x novelty of materlals x continuation/recognition patt of the study
(F ='7.34, df 1, 56, p <.01), grade x modeling.x.type of pattern x coﬁ‘ﬁhud_ﬁon/recoéﬁlf'lon
part of Mge study (F = 8.14, df 1, 56, p< .0} and modeting x school x novelty of matertals
x continuation/recognition part of the study (F =9.08, df 1,.56, p <.01)-lriteraction effects

~

were obtained. Some of th@resylts are shown in Table 5. s L
” e ome &su\ ‘.e o n A .ﬁ .
- 0 : s . TObIe 5 R .‘. . . , B ~
‘Mean Level Scores Obtained on Continuatior’ and Recognition.of Sequentiql Patterns -
| L Comtimuotions © '+ Grade ] R
. . ‘ T : - 3 5 " ) v, ' - *
Copattem ML 10557 L8 . - L
w ' Patemll T 1090 71 C," A S
RecoghiHons - & Lo . S T
. .'—q_‘-—.—”‘——- A ‘ "‘e ’ . -
Pattern Il LN . 9,49 i 11,79 , , ’ .
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" When scores just on the recognition part of the study were c;nsidered it

. was found fhof grade, modeling, and novelty of material effects were more clearly evident

on tasks represenﬂng pattern type 1, A 2 (grade) x 2 (modeling conditisn) x 2 (novelty <
of materials) mol sis of varlance on pattern fypi%:sks revealed that subjects in the
RM condition sco,red |Swer fn grade 3 and higher imgrade 5 (grade x modeling condition |
F=4,70,.df*1, 60, p <.05) as well as that grade 3 subjects scored higher with HN -
moferlols while grade 5 subjects scored higher with. the LN materials (grade x novelfy of
materials F = 6,75, df 1, 60, p <.05), It seems- that the LN materials interfered with rule -
application by grade 3 sub|ecfs not only in }he reconsfrUcHOft porf of the sfqdy, but also
ln the recognition part 6f the- sfudy. IR . o
' * S " Table6 - ’ .
. ~Meon Level Scores Obtained on Reconstruction and Recogmﬂon of Sequential Potterns

Pattern Type |} Reconstruction . ‘ \  Recognition
. Grade 3_, + Grade 5 Grade 3 . ‘ ,Grade 5. -

-

TN TMCTT T 6897 0 7050 _9d2. - . 1200,

. RM 6,81 . 8.81 9.9 12,00
HN "MC . 7.48 7,06 .9.75 b BI5"
" . RM 8.06 :, 10.06 10,25 ¢ -, 10,59

r

v ’ . ' .
Pattern Typel“ 0 . - . Cos

' 2
N

N ME T ®ss T 7 9B . 10,00

TR 75 675 " 8.0 Tt 1109
- . ‘\ ‘\é\ . ‘ N J - N ontn
HN-  MC 6,56 - 6.75.. . . 11.37 . B0 '

S RM 7,75 « 9,31 "9.87 1032 ¥ °
. . ' ' - le =" ,. ’

-

~ '

" " Singe type of patfem offecfed the results of bofh the reconsfrUcﬂon cnd the

'_ 3 : recognmon parts of the study, scores for these two parts were compored separofely with

L
.,
A

g

&G

"tasks representiny the two types of patterns, and separafely for the, two levels of novel
- materials, In all comparisons, the level scores in the recognition part of .the study were
hrgher than in the r.econsfrucfion pcwl' of the sfudy. Thus, when thz'variable of the - |
\ novelfy of materials was equafed, re ygnition, wo; shown to be easter than reconstructiog,
‘\The results ae shown in Table 6, 4dition, a significant grade effect was obtained for
“subjects given pattern type [l tasks w;fh LN moferiols, sihce grade 3 sbfqecfs were found
. to do porﬂculorly poorly tn fhe reconstruction ‘part of the sfu:fy wxfh LN materials. .
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strongly supports the contention that children a-e inducing-the tules for ‘these patterns
and are working with those rules in performing. these tasks, The presence of grade
differences In the expected direction on all three parts of the. study further supports the =~ ..
contention that children's understanding of sequential patterns s tapped in continyation,

2cgnstruction, and recogiition, , - LT ‘ '
ST Wy . ' T e )
Since novel ma*erials were involved, reconstructions and recognitions were at

"o lower level than continuations, However, It was interesting fo find that LN materials,-
rather than belng easfer, were more difficult for grade 3.subjects, particularly in the
reconstruction part of the study. The experimenters observed that grade 3 children often r

“tried to match the pleces In the sequence rather than to represent the patterri with LN

materlals, Since it was Impossible to make a direct copy, they tried-setting up-2qui- o

vilences (orange = red; a square = rectangle) dnd this, 'mu;lfiplled the number of rules=

~ they had to coordinnte; The HN materials did not evoke ?'mofching strategy and even’

the, grade 3 subjects were able to use them to represent the ‘pattém of a sequence. . This
suggasts that younger subjects are oble\ to work with rules for sequential patterns, but that
thelr preferred strafegies for copying the concrete exemplification of a.pattern sometimes
Interfere with manifestation of their understanding, This findingmay have important
implications for assessment of garieralization of a learned concept, .-

< .
. uj“}l’t,: v~

-~
’ -~

/’f-' : The finding that performance In the recognitioh part of the study was superior to
that In the reconstructlon part supports the conclusion of Study V that o igher level of
understanding can be demonstrated In situations where there ave confexfuol"supp&fs for {t,

This finding fits In with the literature concerning -many areas of cognitive functioning'which «

~ shows better passive than active use of kriowledge.’ . .
. o s ° : [y

L4

The effect of the two modeling conditions was fn the expected direcfton, but the -
influence of the observation of the model was modified by severdl other varidbles. This
finding fits with the results from previous studles showing that the effect of highlighting

+ _the rules governing a pattern Is mo-e clearly seen wheén contrasted to a ho model condition’

rether '\onb to u model condition In which rule demonstration is.mintmal, }f a ho model =~
conditio had bzen included in this study, interpretation of ths findings rega-ding modeling

- would be easler, It seemsy}gfhof gbservation of the' process of constructing the stem plece by

Blece may sufficiently pa-se the ‘stem to help sorié .subjects induce thz rules of tha pattern,
Moreover, the effect of other va-{dbles on modeling suggests that modeling 73 best viewed

ds dne varlablé that influences the parformance pa such tasks through facilitating the in-* -
duction of the rules governing o pattern. Thz type of pattern used and the child's Jevel

. »

of development alsg uffect the abllity to induce rules for seqizntial patlerns, - e

PRREY

. : = . , ~ . e o
* Begdes rule induction, the performance o tasks of this nature: seems to bz affected
by the subject’s abllity to represent those fules and then to apply them in actual performance. .
Consequantly, thz typ2 of material and Yhe nature of the task (continuation vs, recdgnition) -
~ ! also affect performance, The complexity of interactions found in this study reflects the
many yarlabl@s that contribyte to cognitive gclivfl’y and influence the actual parformance

" - @
observed, : : ve I
h A ) . .- . . L . o
- ¢ - . .
’ AN U
a . PR * .
A . a !
° 4 - . [ 3 [ « a .
. -~ ot ! \
4 ~ o .
- . 5
- P r e
.4 ¢ 5 N 5 “
i . .
~ A & IR v -
. R -~
. - ¢ R ) . N
< »
‘ ’ Ny ~
/ 8 \5 3 . ' '
- \
:~’j * . i
« * . a
= v ? ‘ -, \ ‘ , M




Le Ll ' - ’ ) ":;,
= . ’ \ , ‘. 760 g
' . " Concluding Remarks ' o . A .
- ) . + " ’ ! ) v‘ T e . .
: : Seyeral cominon themes run through the findings from the seven studies which . .
" constitute this investigation. . Tha spzcific findings from each individual study Have been -

already presénted and discussed within the_framework of ‘that study., ,fﬁ’l”ﬁi\s section,
the common themes will bz highlighted and their implications will be discussed in the - '
brooder context of the role of observation of models in cognitive functioning. ) v

» *

. There have been relatively few studies cohcerned with the differential effects

. of modeling on children differing in agz, despite the foct that this question is frequently .
raised In reviews of the literature (e.g., Hartup and Coates,, 1970). As pginted out in the "+ ¢ |
introduction to this report, one reason for this may be the assumption of social learning theorists -
that the tendency to imitate dozs not undergo development and only varies with aspects of the - +*
slfuation, characteristics of the model, ond so forth, From the.cogriitive perspective, Piaget
(1951) has conceptyalized imitabion a3 the azcommodativepole of cognitive functioning, -’

" suggesting that occurrence of imitation is re|a‘ed to engagement of the accommodatory
process. The Plagation conception implies that overt imitaticn wilt ba the product of the
requirements of the'situation and thz cognitive level of the observer, bath difficult to assess 4
Since the Understondthg of the requirements of a situation also depends on the cognitive
level of the observer. Aside from imitation in the pariod of infancy, Piaget has made few.' -
statements with respzct to imifation, except to say that a3 assimidation and accomodation.
become rore equilibrated with developmént, and’os symbolic operations replace overt

- actions, the incidence of ofrt iriitation declines. . - ) ’ -

A}
» )

- ' The findings from the present investigation may be viewed a3 consonant with the
,Piég.eficn conception of imitation, At least within the aga ronge studied (elementgry-school
. years), there was liftle evidence of changss in the tendency to imitate o model with ags, -
.whichls not ta say that there wére no differences in thg effect of a spacific model gt different
-~ a32s, Thz above statement requires elaboration, (At first glance, the findings rego-ding
imitatlon of task irrelevant bahaviors of the modetYnay seem to contradict these statem
Studies | and |1 obtained some evidence for a decline in ‘thz "Imitation of task§irrelevént
belaviors of ths model with aga. However, thz age trend was not significant within the
purest modeling condition (MD) of Study I, and ths redyction’in such imitation was_cleor,
only ot grade 8 in Study Ill,. an age by which the children in that*study could, carry out the
tasks used quite compztently even without expasure. to the model. The findings rega-ding ,
imitation of fask-irrelevant bzhavio-s may bz interp-eted as reflecting the child's vader= '™ - - ..~
standing of the task® once thz task is fully unders 054 ond can b2 carried out compatently,
** ths lrrelevonce of some of the model's actions is.also appreciated and dispensed with, Tha :
point has been spztifically demonstrated”in a different study (Sibulkin ond Uzgiris, in pess)s ¢

For_task relevont actions, modeling effects were obtained at some agas,-but not’
othars, Inva-iably, the effects were strengest at a middle rangs of ages, for Mildrert who
might be thought to have some g-asp of thz requirements of the task, yet{d bz unable to

"+ parfobm it compstently on thair-own. Thus, ths effect of modeling may be.said to depend
3 " on the relation batwezn tha requirements of th task and thz child’s capacity to pzform ik,
In Study 1, in which o move difficult task was used, the effects of observing tha model were

“evident ot dll ag2 levels, c[fhdugﬁ thzy were less évident ot gradfe 6'than ot g-ade K. D
¥ : o Lo : i N ' . s

-
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in Studies 11} and IV, In which 2asier tasks were employed, there wai no evidence for
-modeling effects at grade' 8, in-contrast to grades 5, 3, or 2. However, grade 8 subjects
‘performéd thz tasks compatently even without exposure fo a nodel, It is a-guad here Khof
modeling effects would be obtaiyed for oldar subjects (€.g. grode 8) and not for youngar -~
ones If the difficulty of the tasks would be increased. Similarly, it is a-gsed that gradé 1
+ subjects did 1ot show a modeling effect, because for them, th2 tasks were teard, The,
findings from this investigation a e consistent with this interpretation, but they a-e not con«
czlusive." it would be possible®o make a strongar caje for this position If subjects hed bgen
presented with a series of tasks graded in difficulty and modeling 2ffects had been consistently
founqg:l for f'heégsks of medium difficulty at each age level. Such a study was not conducted |
within the present investigation. Nevertheless, on the basis of the yesults obtained,” ftis
suggested that the question of age changss in responsiveness to models may be more profitably
rephrased as one concerning thé relationship batween the subject's cognitive level and the
subject's undérsteading of the task as well a3 of tha modél's behavio-, -

~

r

Thz approach odopted in f/his ipvesfigcﬁon“of- looking at the effects of th: model's
_ actions on-tha observer's approach to a task rather than just on ths final product of solution
Is considered worthwhile, but was fourid to bz difficult to implement, More research'is
needed to delineate those cha-acteristics of d:ztions that meaningfully reflect theft organi-
- zatlon.. Nevertheless, results of ths present investigation suggest that observation of o nodel
* con offect nojanly~the frequancy of discrete bzhaviors fas in studies by Bandura and co-

- workers)o: the adaption of o single rule (gs in thz reseq-ch by Zimmarmen and Rosenthal),
but also the very organization of g:tions directed towd-d a.particula- goal. Adthough much -
fore research is needed to dzlinegte the most importont featires of sequentially-organized

' aztlons, the present Investigation indicates that modeling may influsnce the organization
of such aztidnssand that it is feasible te study the effects of modeling on it. ..

- W =

~

!
. An atteqppt was qTéde in §,m7|v to.relate directly children's sognitive level fo
. responsiveness to yodeling. Fa'lu-e ta obtain such a relationship in‘that Study Is not
sufficlent to invalidate the conception of imitation presented hsre. The specific reasons
" . for the fallure to obtain the expected results wepe presented in the discussion of that study,
" More generally,” however, that study points up Me difficulty of obtaining an indepzndent
assessment for the child's understanding of a task in order to make a prédiction about the
effects of gbserving a model, If seems that task-spscific and situatéfi-specific variables
" modify edgnitive functioning sufficiently to daom the search for relations agross contexts
ond tasks, oFledst at thz period.of concrete operational reasoning. With mdre cagful
. attentionto wich spacific factors, it may b¥ possible to make some progress on this issuz.
As Toussaint's’(1974) study demonstrated, with equalization of task=specific driables,
better.concofiance may b2 obtained for parformantce on several logical preblems. Assess-
ment of a subject's cognitive level in relation to his inderstanding of #complex task gnd
¥ of u godel's parformance of that task may have fo bz carried sut with a va-iety of con- "
fgxfuﬁvoriob}es equalized in o:der to aaedla‘efy.'o;sess&a_ prop3sed relatiofiship..

Yay @

> In several studies wifi}in tHis investigation, on -attempt was made to have the

subjects tonvey their undgrstanding of the task and their approach to it to th2 experimenter
' verbally ofter completing their part in th2 study. -This approach was found to be zmerclly,
"« " unprgductive, Thz children studied were 'UsugHy wable ta verbalize much eifbe);obouf ot

: . . ,
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~ {dentificaion of differences, sd5rdinatian of differences with constcmcues) that may be

1

" ’

tha model's actians a; their awn. |f a product was present durmg quastioning (Studies
| and 1), the subjects appeared to bittemp* ta derive a deseriptian of their awn ochons
from ths product independent of their previous behavio:, Since reflection an ane'sawn . -
astions is a higher- |evei cognitive task than perfarmance o? such actions (requiring .
representation af ane's actians) these abservations need nat be surprising: Thay are
reported here ta Indicate that assessment af the subject's understanding af‘the madeling
situationail| alsa have to be canducted at the same I)el af represenfohon a3 reqmred L
by task perfarmarice., ) . - e

 Although accommadation ta the madel's actions may facilitate understanding, on
the basls of the present research, modeling does nat stand out as @ unlque mechanism for * |
producing change In anathar's actions, Since th2 present investigation was concerned with’
patterns of organizatipn faund within actioge-which a-e not captured In a single verbal cancept,
the model's bzhaylar was arrangad ta highlight the relevant rules fhrngH action rathar than .
thraugh verbalization. In this investigation, such nan=verbal demonstratian af rules was nat '
directly co'\frosfea with the statement of such rules verbolly. Resea:ch concemed with cancept
oﬂ'ommenf has demonstrated that verbal rule statement may b2"as effective as modelmg or
* ot teast that madeling with verbgl rule stateshent [s ma-e effective than modeling alane ~
(see Zimmermon and Rasenthal, 1974), Whather thz same wa Jld hold far cancepts conceming
th2 sequential arganizatian of actians remains ta be invesﬁgofed . .

L 4

[
.

“
o - The realization that confexf or sttuational variables play a much larger rale In

|
intellectual functioning than cagnitive theary was assumed ta imply is strongly supported by l
‘fh= findings af this Investigation, Even without considering the restrictions on gsneralization |
drising fram the cha-acteristics of the subjects Studied® almost every study described here - Vo
pravided-evidence that any gzneral description af children's understanding of.certain arganf=
zatlodal rules has ta be modified by spscifying the assessment task, the made of testing .
(recogmﬂm, canstructian), thz amaunt of abstraction required (LN and HN mofenols in .
Study Vii); ond so forth, Consequently, it seems that better specificatian of how such AU
condext ar s:fuchonol variables interact.with the utilization of a particula- cdgnitive l
aparation is a necessary directian far_future resea- ch, Orlentation tawa-d this view may have
important implicatians for éducafianal p-actice as well, in "that it wadld sensitize all |
personne! te the fact that p=rfo,mcnce within ane context should nat be gzneralized fo |
. p'ogxoshccfe a chlld s performonce in all athar cantexts, - P P

e .
- -

s Maoreaver, Focuslng in an the v*ilization) af cognitlyetunctions within, sbpacific
contexts shauld. lead to @ nuch mare detailéd analysis of the cognitive pracesses and
_ operations éngagad by spzcific tasks.. Whafh= infazm@*ian theary tums aut to'bz a seeful .
source af concepts far such detailed ana! yses +har thearies have to be deviséd, hevar=
thaldss, these kinds of analyses wauld’ mali f{grfonf “and. useful contributions nat anly tos

understariding of cagnitive Fun:;r;?, but alsa fo the educo‘loqol- process. The present

investigafion does na mare than suggsst same of the specific processes (unit delineation;

Invaleed in canceptualizing potterns far ganerating sequences fram -elements; it does, S
however, point up the nead fo: research that wauld push sygh endeavor furlifer,» .. ,
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. . - Table A: 1 = S .
. G 4’ ) P4 - . e . .
. Pieces Confoin'ed in Dikff;rer‘\f Comporfmenfs. of fhe‘SupplyﬁB'ox in Study 1 » - )
S The supply box (30 in. x. 12 in. ) had 24 compartments arrangéd in.3 rows and .
. 8columns for the 400 pleces,, AP e , @ -
= ~ J ‘ . 2 . s . ) ) . .
v ’ . ‘ ( T . . N . . K .
. Column 1 3 compartments each with yellow squares (20 in each) - = ™ T _A -
Column,2 * 1 compdrtment, red circles (10); T - LT ' N
s 1 compartment, red squares (10); - ) o ,
. 1 compartment dork. blue. ellipses. (10) “ - S
Column 3 3 compcrfmenfs of extranebus pieces (10.in eoch) o _ LY — LA
Column4 - 1 comporfmenf médwm\bJ ve e“:pses (20); B ' ‘ , ) . .
) * 1 compartment blue elhpses 200; - .. s S
' T cbmportmenfollghf blue ellipses (20) -~ . * . L
Column'5 'I gomperfmenf red frlan les (20); , (
: .« 1 compartment.green triangles (20); . . - o ) . .
T~ = | compartinent red diamonds (20) ] ' " ! J
o Column 6 .1 compartment dark blue triangles (30) ' ;- ‘ .
2 compartments red sticks (}5 in each) |
-1 comporh'nenf longesf brown shcks (2Q); . : AR - '
1-compartment metdium long brown sticks (10) ‘ Bl _—
oMment medium brown sticks (10) -
brown shcks%O) - ' _ N VR
n sticks (20 in eoch) . ‘ T e
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R " obleal A / SRS
”& AR Madel’s Behavior in Building the Pesign ¢
- K o | . . .
coe 4 B o w " '
\ At Supply Toble._ o . ) TS - .
o . A M used o container* in which to place the pieces sglected . ‘
: 72, .M stood with the back to the. somple\destgn ) . . )
———————————————— ' (' ~
3. M plckeg gp__p_le_oes by t_xpe in"the Followmg order Y
. v - b ye”ow squares - -7 ‘ “e ~,
y N b - 3 pairs of blue allipses anrﬂ pair of Ted dl&nbnds. Verbahzed '_'_'_l'yv_o_o_f
<7 a _fh_es_e_e,_fv_/o_o_{j thesey. .whlle picking-up the pieces o
- c. 2 red tricngles, 2 green: frlmg!es, and 3 blue frlmgles . ) e -
. = d. “3red "sticks"; 4 short browr"r “sticks", 4 long briqwn "sticks", and 2
R " médium length brown "sticks", The model picked \p o handful of the
red "sticks", @e_w_o_r_m them, fhgn droppéd-the rest i _the box and kept', 3
to-be ploced in the contdiner. While selecting theforown "sticks", fhe\r
' " model verbalized ' 'some of these, and some of thesg.:." ‘ '
_ - ___Q-e.__ 1-red squore, 1 red c1rcle, and 1 daork blue  ellipse.® .' o
. At the Work Tdble: T R
- 1. M ploced the container on fhe foble ?yond the wooden b(mrd for the mcl'kmg of
fhe desrg\. B :k - i“ . } o ~ .
- - M- ) - R s -
24 M_if_o_rt_e_ci Yo bgtl_‘_:l_ﬁ_@_de_s__ af the.center. . - ce C e
3. M proceedeﬂ to build the desxghq unifs in a non-lmeor progressxon. The units
were built in fhe following order: " . . . _ ‘
. a. Unif 5 M pJoced the: center; ’dork bloe elllpse cmd then bUIlf outward = o
by picking up and placing fw&,pl‘éces together, one-on each side, until ( -
N ."the unit was’ cqmplefe. Whrleylocmg the polrs, M v;;rbollzed{these
. , _two, ond these two...' . F ,Z ".‘, B
— et el e . — et —— e .h “)' ‘\ -
b = After a bryaf pause, M plcked ap fiie‘«é‘gﬁtamer with the left hond walked
right and built unit 8, then, M woik‘ec”eff and betlt tnit 1, then umf 3, .
L placing the pieces in their proper iocaxmns. M’put the c':onfoiner down on )
0 E the table, Thus, M crossed eenfer twigk. while, b(nldmg fhese units, -
S . . |
e . C. Aftera bnef pause, M plcked up alkpieces of umf 2, wo!ked fo the "Ieﬂ' .,
: ) and bmlf the unit two pieces at a hmei in order;- ) |
E— . d. After a brief, pouse, M picked up the pleces‘-For unit 7 and pumm down ' -
one at a.time,~ The second and the third shcks were placed at a slant, - |
". then picked.up, rubbed togsther, pnd ploced down st;a “g_ht The fourth.
_ plece was fhen added.; ; ‘,._- . :
B e. After a pagse, M built it 6- M flrsf pfoced the i;l_'\r_ee.r_eq_"_shcks" with
_spages in_bétween, Then the spgces were ?l”ed in wxfh 1. red frrangle, ¥
7 green triangles,>and three blue fnmghes.w e R o
e . « 4 -

.. ¢ ‘ . - . ~
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f. ‘After a pause, the, design wis complefed by buslaing
m'f 4 . p N . RS

L 4 - L] ‘ ~ - .

The container was retumed fo fhe su_Ep_lz.tgt_)hle after completion of the

design.

N ) L
These behaviors were considered incidental to -the bujldi
scored as Tmifufigns aof M. . T\ - . ’
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v . .o The Moteriuls Used for the Twelve Tosks of Sfudy i .- '
. § . K Y
Color Tasks™ * - ) i = . B = ) )
—F : - * o .
« A, - All pieces 1. l/ﬁ in. in size; 'color vorges between.trlplets. The basic shope . .‘
P Is square, but the shape of the mlddle plece within each ynit varies, 'o g .

B.. A plehes are square in shape; color varies betWeen: trlp{efs Basic size ofs * - ) S
<~ °* the pieces.is 1 1/2 i in., but. the last ptece of . the |plel’ is larger in éach..

successive trlplet, increasing by 1/2 i in. from 1 % 2iin. 1 the firs lplei‘ Y BN
to2 }/2 in. §n the thid. - - - ' -
v tc. All pleces 31/2i in. |n"s|ze-cnd all are squares; color oltemoi'es befween trlpleta ‘;r,., -

D. All piecesare squore in shdpe,. colotvgries befween trlplefs. Eoch piece in the . "

" triplet varles in size by 1in. from the others in elther increasing ‘or decreosmg =
N order, - - - R . _ . f
Form Tasks . - o - % s S . e s '
. ——T o ~~ 1 / . \) “,
S A, Al plecss 11/2in. in slze, shape vgriés between frlplefs. The basic color (N
] isryellow, b the lost' piece iA: each triplet varies in color, -~ - - ' ’
L N ’ ‘ '\ .
. B,g—-t"ﬁd'lkpleces ore red in' color; shape varies between trﬁplefs. The bosxc size of- L
the pleces is 1.1/2 iny, but the middle piece increbses in size by 1/2 i in, *from .
o 1 |n. in the f'rsl.t triplet to ? in, in the third, C) - o
e C. All pieces are ye”ow and o|| are 1 1/2 ir in. in size, Shope olfemotes befweens, o
T *np!e.:. . ) . K \,, . . . o
) “p. Al pieces are T1/2 in. in size; shape varies-between trlplets. Three dlfferent
w'%‘%‘-’;m colors rotate among the three pleces in successive triplets.
. Size” Tosks , N ' . ‘ . . .. .
A, All ieces are squares; size mc:’eé’ses between trlplets by. 1/2 in., wnth all
- ’ pieces in_the first frlplet 1in. insize. The basic color of the pieces is yellow,
) but the last ptece in each triplet varies in color. . .
B All pleces are squares;, size mcrecses between trlplets by 1/2 in., wnfb ofl o
pieces in the first triplet 1in, in size. The bgsic ¢olor of 'the pieces is blue,
‘ .but the shade of the middle pxece decredses in intensity, starting from being
’ - identicgal to.that of the other pieces and going to much hghfer in the fhlrd -
. , t:lplei' : i : . ) v e |
C. All pieces are squores and allare blus, The size of»fhe pieces Itemotes a R
‘ . befween 4 in..and 2 1/2 in, for; the triplets, ™ o ‘ ‘

. D. AH pteces are squores, size increases between triplets by 1/2 in., with all.
" plades in the first triplet 1 in. in size, Three different colors rotote among the
-.\‘the hree pleces in successive fr:pleﬁs. o T -
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